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The great circulation and the general acknowledgment which 
Professor Zeimer's Circle Diagram obtained in a few years amongst 
the German Engineers, and also the little knowledge of it which 
exists in England, have induced me, on the occasion of the pubK- 
cation of the Third Edition of Professor Zeuner's * Treatise on Valve- 
Motions ' to translate this edition into the English language. I 
now hand over to the public this Translation (which is as nearly 
as possible a literal one), and have only to add the desire, that 
the excellent work by Professor Zeuner may meet in England 
with the same success as it has in Germany, and that it may be 
as generally adopted. 

Mobitz MttLLEE. 



London, December^ 1868. 



AUTHOR'S PREFACE TO THE THIRD 

GERMAN EDITION. 
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The Third Edition of my * Treatise on Valve-Motions,' which I hand 
over herewith to the pubKc, may be called a repeatedly increased and 
improved one. Indeed, a comparison mth the 8econd Edition shows 
that the additions and improvements belong almost exclusively to the 
First Part of the book, which explains the valve-motions with one valve. 
In the First Division of the First Part, Simple Valve-motions with 
One Valve, the law of the movement of the valve has been examined 
more radically, and also with consideration of the law of the variations 
of the velocities ; the number of the examples has been increased, 
and the question as to, what angle the centre line of the eccentric 
has to form with the centre line of the crank for given angles of 
advance in different arrangements of engines, has been more minutely 
examined, whilst I have finally explained, in a brief manner, for com- 
pleteness, the older method of representing the distribution of the 
steam by means of valve-ellipses, 

The division on ** Link-Motions" has been enlarged by a new 
chapter, which describes the link motion by Pius Fink : of course 
this valve-motion is, considered in a theoretical manner, less perfect 
than the older reversing motions by Stephenson, Gooch, and Allan ; 
but it distinguishes itself by great simplicity, and to this fact it is to 
be attributed that it has lately been applied very often to stationary 
engines. As Appendix there appears finally as new, the investigation 
of the counter-effect of the steam. 

The Second Part, which explains the valve-motions with double 
valves, remains unaltered : there was much material for considerable 
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additions, but the size of the book would have surpassed the admis- 
sible limits if I had extended the investigations to all valye-motion 
known at the present time. I consider the double valve-motions, 
which I have explained in this treatise, and which akk) till now have 
been almost the only ones applied to locomotives^ as those the thorough 
study of which furnishes the required information for examining, by 
means of the polar diagram, the mode of action of all other valve- 
motions not mentioned in this treatise. 

Since the publication of my first articles in the * Civilingenieur ' 
(1856) on valve motions, in which I explained^ for the first time, the 
use of my diagram, the graphical method of determining the distribu- 
tion of the steam in valve-motions of all kinds as given by me has 
become generally known amongst the German engineers, and the 
diagram has perhaps always been applied to tlie designing and ex- 
amining of link-motions with advantage ; the method is less known 
in France and England, but as the present Third Edition of the book 
is simultaneously published in London as an English translation, I 
may,' perhaps, express the hope that the procedure will also next 
find application and acknowledgment amongst the engineers of 
England. 

I should almost think that a thorough instruction in the study 
of the action of valve-motions, such as I have tried to give in this 
book, would be to-day more welcome to the designer than formerly, 
as at present in the construction of steam-engines more and more care 
is applied to the execution of the diflferent parts, and especially to the 
valve-gear. I consider, also, in this way to realize the perfection of 
our steam-engine by means of continued improvements in the con- 
structive execution of the different parts, as theoretically the correct 
one, as I have abeady thoroughly demonstrated in my new theory of 
the steam-engine (Grundzüge der mechanischen Wärmetheorie, 2 Aufl. 
Leipzig, 1866.) The mode of action in our steam-engines differs but 
little from that which, according to the mechanical theory of heat, has 
to be considered theoretically as the most perfect one, and it is easy, 
as I have shown (in another place) to calculate the insignificant loss 
of effect which is produced by this difference. I expect, therefore 
improvements of the steam-engine abstractedly from the apparatus 
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for producing the steam, and the question, how far the application of 
superheated or mixed steam is advantageous ; almost exclusively in 
the direction which practical men have so successfully chosen. 

Of course, those who still believe in the results of calculations based 
upon quite incorrect suppositions, that our present steam-engines turn 
to account in the most favourable cases only from 5 to 7 per cent, of 
the power which the heat of the fuel contains, have to consider con- 
sequently the results of aU improvements in the constructive execu- 
tion of the different parts of the steam-engine proportionately as very 
insignificant, and they will therefore attach but little importance 
to a careful execution of the valve-gear, and to an exact study of its 
mode of action. Bedtenbacher still expressed such an opinion in his 
last work (Der Maschinenbau, Mannheim, 1863, B. 2). But this 
excellent man himself would be to-day certainly of another opinion, 
and would agree to the facts to which the mechanical theory of heat 
has led in the examination of the action of the steam-engine. 



Gustav Zeuneb. 



ZiTBiOH, October^ 1868. 
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INTRODUCTION. 



The valve motion of steam-engines has to perform the duty of 
admitting the steam directly from the boiler to the cylinder alter- 
nately before and behind the piston, and of releasing the used steam 
into the air in non-condensing engines, and into the condenser in 
engines with condensation. 

The entrance and exhaustion of the steam takes place through 
the steam-ports, of which the one leads to the one and the other to the 
other end of the cylinder. Now, in the construction of the valve-gear, 
it is the problem to open the entrances of these ports alternately by 
the application of peculiar arrangements at one time to the steam- 
pipe,, and at the other time to a port which communicates either with 
the open air or with the condenser. These arrangements, which act 
directly in the manner stated, form the so-called inside gear^ and 
consist in slide-valves, valves, or cocks. 

Those parts of the steam-engine, which transfer motion from the 
engine itself to the above-mentioned arrangements, are comprised 
under the name '•' outside gearP 

They are divided principally into those gears in which this motion. 
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2 INTRODUCTION. 

is given by eccentric discs (eccentrics), and those obtaining their 
motion from oscillating leyers. 

The slide-valve gears are those which are most applied and most 
important, and as also they alone induce to theoretical studies of the 
distribution of steam effected through them, au investigation into 
the seldom-applied valve and cock-gears has been entirely omitted 
in the following treatise. The slide-valve consists generally of a 
hollowed plate, which moves backwards and forwards over the 
entrances of the steam-ports; or if the slide-valve acts as a so-called 
expansion slide-valve, it only consists of a single plate, which may or 
may not have slots or porta for the admission of steam. 

Slide-valve gears are divided into two kinds : — 

(1) Slide-valve gears with one slide-valve, and 

(2) Slide-valve gears with two slide-valves. 

The slide-valve gears are always constructed in such manner as 
to admit the steam into the cylinder, not during the whole stroke of 
the piston, but only during a greater or smaller part of it ; after the 
cutting off, the steam acts by its extension, or as it is called, by 
expansion. Now this earlier or later cut-off, or the greater or less 
expansion may be effected very well, as will be shown further on, by 
one single slide-valve ; but there are certain limits for the expansion 
thus effected, and it very often happens, that the distribution of steam 
effected by one slide-valve when cutting off very early proves to be 
disadvantageous. Slide-valve gears with two slide-valves are applied 
in such cases ; besides the distrümtion valve, a second one is used, 
which is called the ex][>an8ion valve, and which has only to regulate 
the admission and cutting off of the steam. 

The motion of the slide-valve is produced, with very few ex- 
ceptions, by means of eccentrics. For motions with one slide-valve 
there are employed one or ttuo eccentrics ; one eccentric is applied if 
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the rotary motion of the engine takes place always in the same 
direction, while generally two eccentrics are applied if the motion of 
the engine has to be sometimes reversed. Motions of the latter kind, 
which are to be found with locomotive, marine, and winding engines, 
will be called in future " reversing motions." 

The motions with two slide-valves have generally two or three 
eccentrics ; in the first case, the one eccentric moves the one, and 
the other eccentric the other slide-valve; this arrangement is most 
applied to stationary engines, which run always in the same direction. 
In the case of a reversing motion with two slide-valves, either three 
or two eccentrics are applied. If there are three eccentrics, the one 
governs the motion of the expansion valve, and the two others the 
motion of the distribution valve ; but in this case also two eccentrics 
only are very often applied. 

The number of the eccentrics, however, cannot at all be taken 
as a starting point for the classification of the different systems of 
motions; should it appear desirable to classify the two sorts of 
motion — the motion with one valve and that with two valves — into 
subdivisions, the manner in which the expansion is governed would 
be the only base to start from, and both kinds of motion may then be 
divided as follows :— 

(a) Motions with fixed or un variable expansion, 
(i) Motions with variable expansion. 

In motions of the first kind the cutting off of the steam by the 
slide-valve takes place always at the same point of the stroke of 
the piston, while in the case of motions with variable expansion the 
cut-off may be effected at any point of the stroke. The latter motions 
may again be distinguished according to whether an alteration of the 
expansion requires the stopping of the engine, or whether the alter- 
ation can be effected whilst the engine is running. But in the 

B 2 
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I following piiges no notice will bo taken of the aboTe-given clasBlti- 
I cation, for a. general view of tJie demonEtration cannot be attAiued 
' by it; and all motions examined in tbe following pages, witli the 
esception of tbe motion with one valve and a fixed eccentric first 
considered, are those which allow a variable expansion, and in which 
the alteration of the expansion may be effected during the running 
of the engine. 



FIRST PART. 



YALVE GEARS WITH ONE SLIDE-VALVE. 



FIRST DIVISION. 

SIMPLE VALVE-GEAR WITÄ PtXED EXPANSION. 



CHAPTER I. 

Description of the Simple Valve-^ear with Hollowed SUde-valve. 

The gear represented in Fig. 1, Plate I., is a slide-valve gear, which 
is applied most to stationary steam-engines. The engine runs always 
in the same direction, and the degree of expansion is a fixed one, the 
cutting-off of the steam taking place always at the same point of 
the stroke of the piston. 

The slide-valve S moves backwards and forwards over the openings 
Ol, Oo, in the face of the steam cylinder. The two ports o and o^ 
lead to the ends of the cylinder, while the third port Oo leads to the 
opeu air or into the condenser. When the slide-valve is in the posi- 
tion shown in Fig. I., the steam passes from the steam-chest K through 
the port Ol into the cylinder, and the piston B as well as the crank 
K are therefore moved in the direction marked by the arrows. At 
the same time the steam, which is behind the piston, passes through 
the port and the inner hollow of the slide-valve into the exhaust- 
port Oo, and therefore into the open air or into the condenser. To 
drive the piston back by the steam, after it has reached the end of its 
stroke, it is only necessary to move the slide-valve S so far towards 
the left that the part o is uncovered ; o will then be the port for the 
admission, and Oj the port for the exhaustion of the steam. 

A correct movement of the slide-valve is obtained in practice by 
employing eccentric discs or eccentrics. The eccentric is a disc D, 
Fig. 1, Plate I., which is keyed to the crank-axle, but whose centre 
does not coincide with the centre of the axle. The distance between 
the centre of the eccentric and the centre of the axle is called the 
eccentricity. The eccentric is keyed to the axle in such a manner, that 
a line connecting tliese two centres forms a certain angle with the 
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position of the crank. The size of this angle, as well as the amount 
of the eccentricity, exercise an important influence on the maaner in 
which the dtstrihntion of steam is effected. 

Tho eccentric is surrounded by a strap, which is fiied to the one 
end of the eccentric rod F ; the other end of this rod ia connected 
either directly with the valve-spindle or acts upon the one end of 
a leTOT, the other end of wliich is connected to the valve-spindle. It 
will be understood, without further explanation, that on a revolution 
of the axle, and therefore also of the eccentric, taking place, a move- 
ment of the slide-valve will be effected exactly in the same manner, as 
if tho mitvement originated from a crank fastened upon the axle and 
of which the arm was equal to the amount of the eccentricity of the 
eccentric. 

The movement of the slide-valve, as produced by the eccentric, 
takes place, therefore, according to a certain law, in consequence of 
which tho position of the slide-valve is at any moment in a fixed 
relation to the corresponding positions which the crank and the piston 
occupy at the same moment. Besides the amount of the eccentricity 
of tho eccentric, and its position relatively to the crank, the dimen- 
sions of the slide-valve itself exercise a great influence upon the 
manner in which the diettibution of the steam is effected. 

Fig. 1 represents a slide-valve, or 
as it is sometimes called in conse- 
quence of ite shape, a D slide-valve 
(Muschelsehieber), or hollowed slide- 
valve, and that part of the cylinder 
which contains the mouths of the 
three steam-ports. The two admis- 
sion-porta o and Oi are separated from 
the exhaust-port o, by the fixed bare 
or bridges A A, and the slide-valve S 
is shown exactly at its central position. It will be seen that the face 
of the slide-valve not only completely shuts the two steam-ports, but 
that it extends at each end for a certain amount beyond the openings. 
This amount e is called oviside lap, or oviaide cover, or more frequently 
simply lap. On the other band, the face extends also partly over 
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the bridges A for a distance i ; this amount is called inside lap, or 
inside cover. The amount of the outside and inside lap and their 
relations to the width of the ports o and Oi are of great importance in 
the theory of the slide-valve motion ; for it depends upon the right 
proportions of these parts, to what extent the steam may act by expan- 
sion, i. e. at what point in the stroke of the piston the admission of the 
steam into the cylinder may be cut off. The following is a complete 
explanation of all these proportions. 

In representing in Fig. 1, Plate I., a steam-engine with the slide- 
valve gear, we have chosen an arrangement according to which the 
piston and valve rod are situated in the same vertical plan, and in 
which the directions of motion are inclined towards each other. 
Whether now the arrangement in other engines be different, whether 
perhaps the valve-rod and piston-rod move in the same direction and 
are situated in different planes, whether between the valve-rods and 
eccentric rods there is inserted a rocking-lever, it is at first unim- 
portant to consider, and we shall conduct our observations in such a 
manner that the results will be correct for all the above-mentioned 
different arrangements, whilst further on we shall speak about the 
influence of such varieties of construction. 



Theory of the Valve-Motion in the simple Slide^alve Gear. 

In Fig. 2, O is the centre of the axle upon which the eccentric is 
fastened • O D = O Do = r is the eccentricity ; D B» = Z is the length of 



Fig. 2. 




the eccentric rod ; B Bi = Z, is the length of the valve spindle ; the 
point B may be also exactly in the centre line X X (Fig. 1) of the slide- 
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I Tolve. While now B represents the direction of the valve (aee, i.e. 
of the even piano, upon which the slide-valve moves backwards and 

I forwards, OZ gives the direction of the centre line of the ßteam- 
cylinder. If therefore the crank stands in the direction of OZ 
produced, i. e. if it occnpies the position O R,, it is passing then 
ibrongb one of its dead points, and the piston is at the beginning of 
its stroke. 

At this moment the radius O D, = r of the eccentricity forma witt 
the vertical line T the an^le S ; this angle is called the angh of 
advance, or simply angular advance. We therefore always give the 
name angvlar advance to that angle, which the line of eccentricity forim 
with a perpendieular to the direction of the valve face, when the crank 
•passes through one of its dead points. If we suppose now that the axle 
is turned through the angle a, centre lines of the crank and eccentric 
will also have moved through the angle, the latter will be shifted from 
the position Ü D, into that marked O D, and the slide-valve will be 
also moved for a certain distance. If the centre line of the slide-valve 
has after this movement arrived at B, the distance OB is to be first 
calculated, and to do this, we drop from D the perpendicular D E upon 
B, and get : 



OB = OE-f-EB, -t-B,B = OE+ ^ DB*-DE'-l-EB, 

B = r ri» (w -I- i) + V"i* - r* eW ("- + J) -f- (., 

or approximately (because I is always very large in proportion to r, 
and we may therefore neglect in the evolution of the expression nnder 
the root all factors which have P as a denominator) : 

r' cog' (w + S) ■ 

But by the nature of the arrangement, the centre B of the slide- 
valve must move symmetrically backwards and forwards on either 
side of a fixed point in such a manner, that the centre of the slide- 
valve, at the times of the crank passing the points a and 180 — <a, 
IS at equal distances, but on opposite sides of the point X, Many 
designers adjust the slide-valve by bringing the crank alternately on 
its dead points, therefore taking w = and ia = 180°,and then marking 
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the two corresponding positions B, and B, of the centre of the slide- 
valve and fixing the centre X of the distance B, Bg ; this centre X is 
the central point of the stroke of the valve, and must fell exactly 
in the middle of the exhaust port. This method of proceeding is, 
as we shall show presently, also theoretically the most correct one, 
and we shall apply it, in order to calculate the position of X, or the 
distance OX. If in the last formula for obtaining B, we for once .. 
make © = 0, we get: >4u^ i^] (ri '^^^'^^ ^^^ cc/v ^j^u.;«^ yx^v 

Whilst if we make g> = 180*, we get : 

0B8= ^rsind + l. + l'-^^^-^^. 

The mean of these two values gives the distance of the centre of 
motion X from the centre of the axle 

OX = Z4-Z»--27-. (1) 

But the whole object of an investigation of the motion of the slide- 
valve is to enable us to fix the distance of the slide-valve centre B 
from the centre of motion X, corresponding to any angular movement 
G> of the axle, or as we may say, to fix the movement of the valve for 
any angle © through which the axle is turned. ,U»:- ' ^ ^ vv ' vj^ »V/ ^ 

According to Fig. 2, the movement of the valve isBX=OB — OXj 
calling this f and using for O B and O X the above given values, we 
get, after a few reductions : 

(r) 5 = r m (w 4- ^) + ^ [coi^ J - CO«» («; 4- ^)]. 

A transformation of the quantities between the brackets gives : 

r» 

g = r «»n (w -f- ^) + öl *«** {2 8 -^ w) sin <v, 

or also by dissolving of the first factor : 

r» 

(P) ^ =: r sin $ C08 u) + r COS i sin 00 -^ nl^in {2 $ -^ (v) sin w. 

If we make : 

rsin$ = A (2) 

r CO« a = B, (3) 



^^a<+^äi« = i 



fr> 



£ = A«..B.^.-rP. 



4eMtetoftfti 



i^ leoHK I ■ always mrj 
m f^rt^, «Iddi naj be 
■y faarii^;' sad we w3i 



O) 



S = r«i2«w»-|-r «■■«•> 



flf all dide-falve 

maüima, Ar äaific aaÜM as writ «i 4» fak matkn, tbat fbe 
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aad wUd ave Aenfam eowtaal gwaalMiw. wUA b^ be calculated 
eaolr for Ab äi^ife iahe aMtäoB, airw^bg to eqaatkn (2) and (3). 
Tbe nisang qnaatitf F def^A apaa tlie aanwat of angolar ntove- 
moit; bot the Bomericalvalaeof it i^iaeonect and wiell-coostructed 
valre-geais, so yeiy small, Aat H nav be ataK«< always n^ected. 
The moTemrait of the Talre is then in gomal : 
(I*) £ = A «• CO ± B » ». 

In investigating the rormnla (I') more minntelj', we shall at firet 
take no notice of the special vaJnes oC A and B, and only use farther 
OH the values &. = r sinS; 'B = r cosm, which we haye already fonnd 
for the simple valve-gear. As we shall at a ftitore time meet with 
v«1t(1 motions, in which B is negative, we shall examine — as already 
i«dionf(Ml !>V the manner of writing equation (I'') — in the following 
ninNir™iit>ns the meaning of both the signs at the same time, 

TU* ofltwition (r) above given is the polar equation of two eirelesof 
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equal diameier wMch touch each other, ü being mppcaed that the pole lie» 
at the foini of contact. 

la order to proye this, let be Fig. 3. 

the touching point of two circles 
(Fig. 3), both described with the 
radius C = p, and let X be any 
straight line passing through the 
point of contact O; further let 
O B = a and C B = !> be the co- 
ordinates from the centre of one 
circle ; then, if we express the radius 
vector O P of any point P of the 
circle by f, and the angle, formed by 
this line O P with the original posi- 
tion X by o), we have : 

O M = 2 CO« (u and M P = g ein «p. 
If we draw also the line N 
parallel to O X, we get next : 

CN' + NP« = CP* or 
COM-0B)'+(MP -MN/= CP*, 
which gives : 

whence it follows that as a* + 6" 



^=:2aco«ttr-f-26nnw. 
If the ordinate B C = i of the 
centre of the circle extends from 
B downwards, then, the centre C 
being below O X (Fig. 4), i becomes 
negative, and 

£=2ac(wap-2&«n«. 
Both equations are identical with equation (I"), if 
2a = Aand2b~B) 
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whence follows : 

a = — and o = — .♦ 
2 2* 

K, therefore, the values of A and B are known for a certain case, the 
centre C of the circle may be at once determined, and this serves to 
decide the travel of the valve, if the distance B upon O X measured 

from O is made = a = — and the perpendicular at B, or B C = 6 = 

^, The radius of the circle is found without any further difficulty. 

p = Va«4-6* = I V ATTbT (6) 

It will be seen from the above, with what facility the movement of 
the valve f may be obtained for any angular movement X O P = 
CD of the crank ; this movement being simply the radius vector O P 
corresponding to that angle. If, therefore, the centre of the corre- 
sponding circle passing through O can be fixed, which is always very 
easy, as will be seen from the following, the movement of the valve, 
or the distance between the valve centre and the centre of movement 
for each position of the crank can be measured directly from the 
Figure. 

After the above statement, we may examine immediately a few 
general relations between the movement of the valve f and the 
angular movement 0), considering that the values of A and B are still 
certain constant ones, which depend upon the kind of valve-gear. 

* The equation (F) is, mathematically, the polar equation of a single circle, described 
,^ . in Fig8. 3 and 4 from C. This will be easy to prove, if the equation of the curve for rect- 
< ^ "; angular co-ordinates is taken instead of the polar equation. If we put, in Fig. 3, M = :c = 
^cos u and M P=:y = ( sin », it follows firom equation (I**): 

\ ' and ""this equation gives for each value of x only two values of y. This also confirms the 

polar equation (P) itself; for by substituting in the equation 

( = A cos C0 + B sm C0 
C0 + 180 for », it follows : 

{ = — ( A cos a + B sin a>) ; 

the radius vector O P^, in Fig. 3, must therefore not be drawn from O in the directiou 
O Po» but in the negative direction, ». e. again towards P, and therefore leading again to 
the circle described from the point 0. The admission, however, that we have to deal with 
two circles touching each other, facilitates greatly the study of the laws according to 
which the movement of the slide-valve takes place in the different valve-gears. 
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If the crank is at the dead point, «» = , and it follows from the 

equation 

^ = A cos 00 -}- 'S tin (a 

A 

Or as, according to the above, O B = a = — (Fig. 3). 

£ = P.. 

The line P therefore gives cd onee the movement of the valve cd the 
beginning of the stroke of the piston. If q> == 180*, i. a. if the crank 
is at the other dead point, then : 

f=-A, 

or, according to the Figure f = O P«, where P« signifies the point 
at which the second circle cuts the line O X. The movement of the 
valve is = nil, or the valve is in its central position, if 

=: A C08 a; ± B sin eu, or if 

- A _ a 
tang, a; = + -g = + -^, 

The upper sign is taken, if the centre of the circle lies above 
O X (Fig. 3). 

But by the condition 

tang, uj == -j- 

it appears that the corresponding angle may be very easily found, if 
a line S is drawn through O and at right angles to C ; the angle 
SOX shows therefore the angle at which the crank stands before the 
dead point, if the slide-valve is in the central position. If the 
centre C lies below O X, as really happens in some valve-motions, 

which will be examined later, it is 

a 
tang, a; = -f- -r- > 

in this case also the required angle S O X is found by dropping the 
perpendicular S from O upon O C (Fig. 4). The maximum move- 
ment of the valve f is found from the equation : 

f = A CO« a; ± B «m cü by differentiation 

■j^ = — A" sin w ± B cos w = Of OT 

^B ^6 
tang. «; = ± — = ± - , 
- A ci 
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i. e. the corresponding angle c» is that which the line O G (Figs. 3 
and 4) forms with O X, or C X ; the length of the trayel of the yalve 
itself is in this case 



02 = 2/. = ^ A« + B*. 

If finally the crank is at right angles to the line of motion of 
the piston, i. €. if it has moved 90 from the dead point, then : 

= A«>i9O±B«iii9O=r ±R 

K therefore in Fig. 3 or 4, P, is perpendicular to O X, O P, = B 
indicates the position of the yalve, if the crank is at right angles 
to the direction of the motion of the piston. By all this it appears 
that it is only necessary, in order to ascertain the distance of the 
yalye fix^m the centre of its stroke for different positions of the crank, 
to describe one circle from the point C ; if P is produced above 
as far as P^, then P^ = O P ; as now O P. expresses the distance of 
the valve from the centre of its stroke for (180 + q>), it is only 
necessary on account of the equality of P and O P. to fix O P, or 
to describe one circla In the same manner the case represented in 
Fig. 4, which occurs under the supposition that the second quantity 
in the equation 

f = Aco8a;±B«n«; 

is taken as negative, may be easily referred to the case shown in 
Fig. 3, the two cases being distinguished only so far as that the 
angular movement of the crank takes place in opposite directions. 
The angles (o are in Fig. 3 to be laid off from O X upwards, and in 
Fig. 4 from O X downwards. If A and B are in both instances equal, 
the same will be the case with O P for equal angles q>. It is there- 
fore not necessary for us to take any further notice of the sign of the 
second quantity of the above equation in the following general 
investigation. 

We shall now apply the results above obtained to the simple valve- 
motion, in which according to equation (2) and (3) : 

A = r «tn ^ 
B = r CO» 5. 

The coK)rdinatesof the centre of that circle whose chords give directly 



THEORY OF THE VALVE-MOTION. 



17 



the movement of the valve (Fig. 3, page 13) are according to 

equation (4) : 

A 1 
B = a = 2 = 2 ^ **w ^ *^d 

_ -, _ B 1 ^ 

therefore the radius of this circle, which we will now call the " valve- 
drcle : " 

and its diameter 

O E = 2 p = r, 

i, e. in the simple valve-motion the diameter of the valve-circle is equal 

to the eccentricity r. 

The angle COY, formed by the diameter of the valve-circle with 

the vertical O Y, is next found (Fig. 3) : 

^^^ . OB a A 

tang. C O Y = g-g = ^ = -^ = tang. $, 

whence Z C Y = ^, 
or in words : the required angle is equcd to the angle of advance. 

By that which has been already stated, it will be seen with what 
facility the law of the slide-valve motion, if the valve is driven by an 
eccentric, may be laid down graphically. Had the problem only been 
to find the law of the movements of the simple slide-valve gear with 
one eccentric, the results of the calculation last given might have 
been obtained in a much shorter way, as follows : — 

Let O Y in Fig. 5 be a perpendicular let fall from the point O 
upon O X, the direction of the valve-face ; then draw from a line 
O D = r = the eccentricity, this 
forming with the perpendicular O Y 
the angle Y D = S the angle of 
advance ; and nfixt describe, with D 
= r as «ftdSs/a circle, which will be 
the valve-circle. Let the crank be 
in the position X, or on its dead 
point, and from there let it be turned (J ^A 

through the angle X O K = eo, then the length O P gives at once the 
distance of the valve from its central position when the crank-angle = eo. 






N«^ecting tbe " mnai^ qnuBtity," eqaatian (I*) gives also the 
rsT«! of the ralm f: 

E-r-ii^ff+J). 
Ihttwing in Fig. 5 the lii» D P, tite angle D P is a right angle, 
ll^le tbe «i^ D r in triaogle D O P is fonud to be 90 — (lu 4- £), 
i ^ ESeB A6j8 awy < hatOD=raad-githoat aofthing further it will bo 
I Ken that 

O P = r 00« [90 - (a. + ))] 

O P = p « (« + i) = £ 
I had to be proved 

Stbe eqnatioD for tbe travel of the valve is given in the shape 
f = A CC4 aj -^ B nn lu 
•a ire above supposed, and as is the case in a number of valve motiona 
which we shall exanxine later on, and in which the constant valnes of 
A and B are still more dependent upon the dimensions of other parta 
of the valve^ear, then make in Fig. 5 A = A and O B = B and 
draw a circle tluongh the points O, A, and B ; sacb a valve-motion 
works then exactly like a simple motion, in which the eccentricity of 
the eccentric D = p and the angle of advance T D = S, whatever 
may be the nature of the mechanism of the valve-motion. If the 
movement of the valve is represented by the last-gireu equation, then 
the valvo-niotion may always be reduced in the manner indicated 
to a simple valve-motion ; a fact of which we shall make use hereafter. 

Besides this, the simple diagram also gives the means of proving 
the proportionate velocity of the movement of the slide-valve. The 
velocity of the slide-valve varies, and the manner in which this variation 
takes place will have been already seen from diagram Fig. 5, and it 
is only necessary to ascertain how the radios vector P alters with the 
angle X R = m. It is evident that the valve moves very slowly, in 
fact almost stands still, when it is near the end of its stroke, t. e. if the 
crank stands near the direction D ; but on the other hand, when 
tho crank is in the position E (perpendicular to D), the valve has 
its greatest velocity, and this occiira when it is near tho middle of ita 
travel or stroke. 

ITie law which governs the alterations in the velocity, is also very 
easily demonstrated in a graphical and analytical manner. Let the 
CTiiTik turn will] the constant velocity e; then if at the moment in 

J 



na I 



r 
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which the crank passes through the dead point, we begin to count the 

time t : 

w = e t 

whence follows by substitution in the general formula for the travel of 
the valve : 

and thence the velocity v of the valve at the time t : 



V = 



d t 



= —Asainst-^-Bscoset 



or 



V = ^ A s sin CD -{- B s COS w, 

from which the velocity of the valve maybe calculated for any angular 
position of the crank. If the valve-motion is considered to be reduced 
to a simple one, then put A = r sin B and B = r cos S, and the velo- 
city of the valve becomes : ^ -n ^'^^ • < ^ ^^' A «,!^>, n, 

t; = — r £ sin $ sin uj -\- r e cos S cos w ■ -, . ' .\s%v 

and this is the polar equation of two circles O E and O Ej (Pig. 6), 
of which the diameter r e is perpendicular to the centre line of the 
eccentric O D = r. At the 
position E of the crank, Fig. 6. 

i.e. when the angular mo- 
tion = Ö), the movement of 
the valve from its central 
position is, according to the 
above O P, while the radius 
vector Q represents the 
velocity v of the valve at 
that moment. The law for 
the alterations of the veloci- 
ties will now be seen clearly ; 
at the positions of the crank 
O D and Di the velocity is 
nil, i. e. the valve stands still 
momentarily (at the greatest 

distance from its central position), and at the positions E and Ei 
of the crank (at half-stroke) it has the greatest velocity of the 

value r e. 

o2 
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Practicai ApjJifotion of the Diagram. 

We At\\ Bt first takn an exiBtiDg simple valve-motioD, and show 
the ni*liDerin«bichtlM>dJ8tnlnilion of steam is tobe aäcertAiued from 
the dUnensioiu of ih« jivte of the Tulve-gear. 

The unonnt of eccentricity O D (Fig. % page 9) = r, aa well as the 
uigle D O T=5 may be taken as giveo. With tltese values as a base, 
ire hare at fii^ to 6x the nioTement of the ralve, and to show what 
the extent of the moTemeut of the ralre from \\a central position will 
be, corresponding to any giren angular movement a of the crank 
from its dead point. This distance or moTement of the valve is 
caUed f . 

Draw the system of axes OX and O Y (Fig 2, PI. L) ; O X being 
supposed to coincide with the direction of the valve spindle or of the 
valve face. Draw from a line Z, so that Y Z ^ 8 ^ angle 
of advance, and make part P, of Z, as well as part (^jof the 
juvduction of O Z eqoal to the given eccentricity r ; on these parts 
as diameters describe circles, which are the so-called valve-drdea, 
explaining the movement of the valve in the following manner : 

If we suppose a crank to occupy the position OX or R, when 
the actnal crank just passes through the first of its dead points, then 
if both cranks are tonied through the angle m, so that the imaginary 
crauk comes into the position O Rj that part P of the line E, 
which lies inside the valve-circle, represents at once the movement of 
the valve = f ; i.e. the distance through which the valve has moved 
from its central positi<m, while the actual crank has traveUed through 
the angle o> from its dead point. The Figure gives for the angular 
movement X Q = 180 -|- w the same value for ^, but the value is 
in this ease negative ; for the centre line of the crauk here cuts the 
second circle described from C in such a manner, that Q =^ P. The 
«jjpe»* circle represents therefore the movement of the valve from its 
central position towards the right, the lower circle that towards the 
/fl/Ü, Tlie results for both directions are the same, and we have there- 
fore only to examine the upper circle. Before proceeding any further 
with our iuvestigatioua, we may state that the Figure shows every- 
thing full size, and that the eccentricity is supposed to be taken aa 
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O Po = r = 0-060™ (almost exactly 2^"), and the angle of advance 
Y P = S = 33^ In order to ascertain therefore how far the valve 
has moved from its central position towards the right at the corre- 
sponding position of the crank, it is only necessary to measure with 
the rule the distance P. If the crank stands at the dead point, it 
occupies the position K, and then the distance of the valve from 
the centre of its travel is equal to Pi ; in the present case this 
distance Pi = • 030°^ (almost l-pV')- If ^^^ ^^ank lias turned so 
far that the chord P becomes equal to the diameter, then the valve 
is farthest from the centre of its stroke ; it will be seen from the 
Figure that such is the case, when the crank is in the position O Po, or 
has moved from the dead point through the angle Pq X = 90 — S. 
A perpendicular Ko dropped upon the line Pq Qa at the point 
does not cut the circle, and the part P becomes therefore = wi?, 
the valve being just in the centre of its stroke, when the crank occu- 
pies the position O Eq, i, e. when it stands as much as the angle 
R O Eq = S before the dead point. Suppose the crank is turned from 
O R in the direction of the arrow, it will easily be seen by the figure 
that the chords, which represent the movements of the valve, increase 
quickly from 0, while they only vary little whilst the crank moves 
near the centre of OPq. The slide-valve travels therefore very 
quickly towards the middle of its stroke ; but its movement takes place 
only very slowly near the ends of the latter. This fact, known long 
ago, is of great importance, and it exercises great influence on the 
whole distribution of the steam. The Figure plainly shows also the 
influence of the angle of advance, and of the amount of the eccentri- 
city upon the movements of the valve corresponding to certain posi- 
tions of the crank. If, for example, the eccentric were fixed without 
any angular advance, S would = 0, and the diameter Pq would fall 
upon the vertical Hne O Y. If therefore the crank were on its dead 
points, the slide-valve would be just in its central position, and it 
would be most remote from the latter when the crank had turned 
through the angle 90° and 270°. The following will show the distri- 
bution of steam thus effected would be unsuitable, and such a case 
occurs therefore but seldom. 

If we take 8 = 90°, O P« would fall on the line OX; i. e. the 
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1 whea the crank 
rti; wmt Am -ntve «oalt atespy its eentral pod- 
E tmd wed Ihai^ i^n of 90^ and 27(P. 
1 of the Tslve 
r «ifc mptl fccfi^. if tt« Mj.MiluLitj r «lone, or r mid 
ämtiuttaamif, h ■ of aaor räqwrfOTfe ft»- practical 
1 1» tx Ar dfta« ^ Or ma n moA U the nlre for dif- 
r ■OTCBcatoif Ae «m^ b«t it is aeeenuT' to do this, 
e af Ae aa^ of adfrnBce, as well ss of the 
i which the steam is 
; from the I&tter what 
unacBvas <N^^bt Id m aiiofAe& 

b i^ 1, page &, UK TaHe » Aamn in ils central poeition, the 
ortsde 1^ beJBp «, Ae iaade ^p = i^ and o^ e, being the two ports 
far the atfaiiwioa of the rteaii. 

If the Tsbe has Moved as wamA as ^. Fig. 7, and if we hare 
thefchy tA^iwtaA the *y«it^ of the port for the admiaöoii = a, , we 
get. as «ill be seen {rom the 
I^aie, «itfaoat anrtliiDg far- 
ther, the eqostioQ 

« + «. = £ ^ 

or the opening of the port ia S 

if the ouiäiile lap e ia known. 
But the valre has at the same 
time opened the other port ae 
much as <h for the exhaustion 

of the steam, and we get in this case, as also shown by the figure, 

the relation 

' + tt = e or 

These two equations for di and a^ at once give alao the size uf the 
openings for the admission and for the release, aa soon as there is 
fixed, according U) the method above explained, the movement of the 
valve for any angular movement w of the crank. It is only necessary 
to subtract in the one case the uutaide-]ap e, aiitl in the other case 
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the iDside-lap t, from the movement of the valve to get the required 
opening. If it is desired to find these openings by the construction, 
then they may be obtained in a simple manner, as follows : — 

We have found that for any angular movement XO P = o), Fig. 2, 
Plate I., the movement of the valve is equal to the radius-vector P. 
Now the size of the opening for the admission of the steam for this 
position is obtained, if the outside-lap e is subtracted from f ; and 
by describing therefore from the point a circle ViV Va with the 
radius V = e, the distance P V gives at once the opening of the 
steam-port corresponding to the angular movement P X = o). 

Describing in the same manner from with the radius W = ♦ 
the circle Wi W Wg, it follows that the part P W of the radius- vector 
O P — W = f — i, or in other words, it is equal to the width of the 
opening of the other port for the exhaustion of the steam. 

As the Figure is drawn full size, and as the eccentricity r is sup- 
posed to be = O-Oö'" (OPo), (almost 2^"), the outside-lap V= e = 
0-024°^ (-94 in.), the inside-lap W=i = 0-007°^ (-27 in.), and the 
angle of advance Y Po = S = 30°, the dimensions P, P V, P W, 
may be taken directly from the figure by the rule. 

If the crank stands on a dead point, for instance, at E, so that 
the piston is at the beginning of its stroke, the travel of the valve = 
OPj, the opening for the exhaustion of the steam =PiWi, and 
the opening for the admission of the steam = PiVi. As is known, the 
opening of the port for the admission of the steam at the beginning of 
the stroke of the piston, or Vi Pi, is called the outside lead, or the lead 
on the steam-side ; but the opening of the other port for the exhaus- 
tion of the steam at the beginning of the stroke of the piston, or Wi Pi, 
is called the inside lead, or the lead on the exhaust side. 

For our special case, as may be immediately ascei*tained by mea- 
surement, the outside lead ViPi = 0*006™ (•236 in.), the inside lead 
Wi Pi = • 023°^ (• 905 in.). The largest opening of the steam- ports 
occurs, when the valve has travelled the greatest distance from its 
central position, i. e, when the crank stands in the position Pq ; 
therefore the Zar^es^ opening of the port for the admission of the steam 
is PoVs (0*036™ = 1-417 in.), and the largest opening for the exhaus- 
tion of the steam = PqWs (0 • 053™ = 2 • 08 in.), it being supposed that 
the ports are so wide altogether. 
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But Fig. 2, Plate I., also gives answers to all other questiona The 
question as to the positions of tlie crank, when the admiseion of the 
steam begins and ends can be answered in the following manner: — 
At these moments the valve occupies the position shown in Fig, 8, 
p. , o where the valve has moved from its 

central position for a distance just 
[ ^} equal to the outside-lap e, i. e. f is 

~| equal to e. If we now retura again 

=' V I y^ I ^-y to Fig. 2, Plate I., we find that the 

^^M W I jg|— 'gMpiip principal circle around C cuts the 
M ^K ^ft S circle described with the outside- 

M ^V °Y ^^L ^k '^P ^^ ^ radius, in Yj and Y^ ; and 
W ^f^^^^^^^^^^^ connecting both points with O and 

' producing the connecting-lines back- 

wards to the circle which is described by the crank-pin, these lines will 
give the position of the crank at the two moments at which the one 
outer edge of the valve is just level with the outside of the port, or, in 
other words, at which the admission commences and terminates. 

Thus Ea is the position of the crank at the beginning of the 
admission of the steam ; and it baa thus to pass through the angle 
B, O It lefore reaching the dead point. 

O Ri is, moreover, the position of the crank at the end of the 
admission of the steam, and the angle B3O E« shows at the same time 
the arc through which the crank passes during the time the admission 
of steam is going on. 

It is more convenient to know the positions of the piston corre- 
sponding to these positions of the crank. To ascertain "this, drop from 
Kj and B,, perpendiculars upon O X. In order to avoid covering the 
figure with too many lines, a line H K has been drawn parallel to X 
its length being made equal to the diameter of the crank-pin circle, 
and consequently to the stroke of the piston. Letting fall now from 
Ba wid B, the perpendicular B3H3 and BjH, upon H K, there is shown : 
Hg the position of the piston at the beginning of the admission 
of the steam, and H3 K the distance which the piston is that moment 
removed from the end of its stroke. By H, also is shown the position 
of the piston at the end of the admission of the steam ; the proportion 




PRACTICAL APPLICATION OF THE DIAGRAM. 25 

between the distances K H, and K H representing therefore the degree 
of expansion. 

The questions with regard to the exhaustioa of the steam can be 
answered in an equally ready manner. Fig. 9 represents the valre 
iu the position which it occupies 
when the exhaustion of steam is 
either just beginning or just ending, 
the valve having in this case travelled 
the distance f ^ t from its central 
position. From Fig. 2, PI, I., it may 
be seen that this equality of ^ and i 
takes place in the position corre- 
sponding to the two intersections 
W3 and W« of the circles P, P P^ 
and W1WW3. Connecting there- 
fore Wj and W, with O, and producing this line backwards until it 
meets the circle described by the crank-pin; there is shown Bj the 
position of the crank, and H^ the position of the piston at the be- 
ginning of the exliaustion of steam. 

The exhaustion of the steam has already begun therefore, when 
the crank stands at the angle ß O Ra he/ore the dead point, or 
when tlie piston lias still to travel the distance Hj K before reaching 
the end of its stroke, 

Kfl gives the position of the crank at the end of the exhaustion 
of steam, and Hg the position of the piston at that moment. The 
proportion of K Hj to K H represents the degree of compresdon. 

It will be seen without anything further, that the expansion of the 
steam before the piston, and exhaustion of the steam behind it, take 
place while the crank passes through the angle R, O B«, or while the 
piston travels the distance H4H9. When the crank has reached the posi- 
tion B», the compression of steam behind the piston will commence. 
All tliat has been said is right for the course of the piston from 
right towards left, and for the investigation of the further movement 
it is only reqidred to produce the chief centre lines of the crank Rj, 
R3, Kj, O Rfl past 0, until they again meet the crank-pin circle. 
R, lies thus in the production of O Rj, and O R» represents the 
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position of the crank at the beginning of the exhaostion of the steam 
on the right, when the piston travels from right towards left. 

While the crank-pin passes through the arc R^ K^, compression 
will take place on the left-hand and expansion on the right-hand side 
of the piston. 

If O E3 is produced as far as Bg, O B» will represent the position 
occupied by the crank when the admission of steam begins on the 
left side of the piston ; thus, whue the crank passes through the arc 
Eg K«, compression of the steam takes place on the left of the piston. 

In order that the Figure may be understood more readily, all the 
diiBFerent occurrences are inscribed on it; the explanations outside 
around the crank-pin circle relate to the distribution of steam on the 
right-hand side of the piston, whilst the explanations written inside 
the circle relate to the distribution on the left-hand side. 

In the manner already stated, i, e. by dropping from the different 
positions of the crank-pin perpendiculars upon the lines H K and 
Ho Ko, the positions of the piston shown upon the first of these 
lines are those corresponding to the motion of the piston from right 
to left, whilst upon the latter line are marked the positions corre- 
sponding to the motion from left to right. 

In fixing the positions of the piston in the above manner, no 
notice has been taken of the influence of the length of the connecting- 
rod ; if, however, it is desired to allow^ for this influence, it is only 
necessary to consider that B^ B B4 is the crank-pin circle, and O Xi 
the direction of the piston-rod. In proceeding therefore in an exact 
manner, we have to take the length of the connectiog-rod as a radius, 
and with the different points B, B^, B4, Bg . . . . as centres, describe 
arcs cutting the line O Xi produced. The points of intersection then 
give the positions of the piston exactly for the chief positions of the 
crank. For want of space, we have chosen on the Plate the more 
simple fixing of the positions of the piston. 

It is scarcely necessary to point out how easily the influence of 
the inside and outside lap, of the angle of advance, &c., &c., may be 
perceived from Fig. 2, Plate I. For example, make the outside lap 
smaller than O V, then the circle, described with a radius equal to 
the new amount of outside lap (not shown in the Figure), will cut the 
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circle described &om the centre C in points of the circumference of 
the latter, wliicb are nearer to O than Y^ and V,. Again connecting 
both points of intersection with 0, the two connecting linea will form 
a lai^r angle than V3 and V, , i. e. admission of steam will take 
place dmring a longer time and the espansion will be less. 

Let it be sapposed, as another example, that there ia no inside 
lap at all, the circle W WjW, would then disappear altogether, and 
a continued exhaustion of steam would take place. 

In order that, at the b^inning of the stroke of the piston, steam 
may be already on the reverse side of the latter, the port for the 
admission of the eteam must at that moment be already opened, and 
we have seen that Y, F, at once gives the size of this opening. It 
will be seen by the Figure that for the given condition O Yi must be 
less than OF,, i.e. the outside lap must be smaller than O P, . 

If no outside lap were given, a continued admission of steam 
would take place, and the admission would always change at the 
moment when the valve passed the middle of its stroke, or when the 
crank was in the position O R,^ 

The alterations which occur in the distribution of the steam, if 
some of the dimensions r, h, e or p. ,. 

i are altered alone or several to- 
gether, will be so easily seen from 
the simple diagram, that it is un- 
necessary that We should refer to 
it any further here. We may, 
however, make one remark as 
regards the width of the steam 
porta ; viz. that it is very easy 
to fix through the diagram the 
moments at which Üie port for 
the admisdon or for the exhaus- 
tion of the steam are fiilly open, 
or at which the one or the other just begins to close. Fig. 10 shows 
half-eize the principal parts of the diagram Fig. 2, Plate I. Lay out 
from V on Pd the distance Y M = a = the width of a steam-port 
(which is in this case a = O'OSO", or 1'18 in.), and also from W the 
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mme distanee W X, so that W X a aim = a. Next describe frotu 
öxtAe» with O M and O N m mdii. and it will be ea&j to uuderstand 
tlia coitectneas at tbe followtag: Take tite pointa where these circles 
cat tbe Talre cnrlr, and tln-ti O Mj »ill be the posJlioD of the crank 
when tbe part (or th«.' wliaiasion of steam is jast full upen. and U, 
that mhtyu the port again beootnes comph_-tely doeed. While the craak 
eea through the an» M, O M^ tlie admission port is fall opened; 
it P. shows, balf-dze id F%. IU and foU-size in F%. 2, Plate L, ho» 
far the outer edge of the valve has gone beyond tbe inner ed^e of the 
port at the time of largest openijig. 

The same pnxt-ss ia applicable to the exhaust Wbeu the crank 
in the {«eiliou O N, the port for the exhaustion is fully opened, 
and it reuiiiins so until the crank arrives at the position O Xj. 

The preceding inveätigation will have proved how all the detailä 
in the distribution of tbe steam, effected by a simple ralye-motion, 
may he quickly and correctly ascertained by the diagram ; and it 
therefore only remains for us to show, how to fix upon the dimensiona 
which are to bo adopted for the valve-gear in such a manner, as to satisfy 
certain conditions with r^;ard to the distribution of the steam. 



Solviione of a few Problem». ' 

Problem 1, — "In a simple alide-valve gear let the eccentricity 
r = U-060"'(2-3in.) and the angle of advance 5 = 30". Let also tbe 
admission of steam have to take place whilst the piston travels O'S of 
Its stroke, and let the exbaastion of the steam have to begin, when the 
piston has still ■ 04 of its stroke to travel. It is required to find tlie 
inside and outside lap, the inside and outside lead, the greatest open- 
ing of the steam-ports, &c., &c." 

Ä'oitdion.— Draw the two axes X and T, Fig. 3, Plate I., perpen- 
dii^ular to each otlior ; lay off from Y the angle Y P« = S = 30" 
Hid make P„ = r = ■ 060™ (2 ■ 3Ö in.) ; bisect P„ in C and describe 
from U with O C = C P„ as a radius the valve-ctrch. Next describe 
trnmü to any scale the circle Bß4R„, which represents the path of 
thQ i^rank-pin. We have made E B„ = ■ 100». If we suppose now 
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that the crank turns in the direction of the arrow, and that the piston 
travels from right to left, then the exhaustion of steam will have to 
begin on the leßy whilst the piston is still distant from the end of its 
stroke as much as 0*04 of its stroke, thus in the Figure the distance 
will be • 04, multipUed by • 100 = ' 004™ (-15 in.). If we make 
therefore R H3 = 4™" ('lö in.), erect the perpendicular H3 R3 meeting 
the crank-pin circle in ßg and draw E3, this line will represent the 
position of the crank before the dead point at which the exhaustion 
of the steam begins. The line R3 cuts the valve-circle at W3, and 
O W3 is the required inside lap. Now while the piston travels from 
right to left, it is required that the admission of the steam shall cease 
when the piston has passed through * 8 of its stroke. Making there- 
foreEH, = 0-8 x REo = 0-8 x 0-1 = 08°^ (3 -15 in.) and erecting 
the pei-pendicular H4 E4, we get by drawing the line O R4 the position 
of the crank at the end of the admission of the steam, or at the begin- 
ning of the expansion. This line O B4 cuts the valve-circle at V4, so 
that O V4 gives at once the required outside lap e. We must next 
describe from O circles with the inside lap W3 = i and the outside 
lap O V4 = e as radii, and the whole problem is then solved, for we 
have at once all required sizes ; viz, they are, if we put together the 
measurements as taken from Fig. 3, Plate I. : 

Outside Lap • OV4 = 0-024:"* (0*94 m.) 

InsideLap O W3 = 0-007 -* (0-27 m.) 

OutsideLead P, V^ = 0-006" (0-23 m.) 

Inside Lead Pi W^ = 0-023" (0-903 in.) 

Greatest Opening of the Port I ^ ^ ^ ^„^ ,, ,^ . ^ 
forAdnLion .. .. f P. V = 0-036" (l-42m.) 

At the same time answers may be obtained, according to that 
which has been stated with reference to Fig. 2, Plate I., to all other 
questions in regard to the distribution of steam and to the positions of 
the piston, but which we cannot repeat here. 

La order to solve the same problem generally, by calculation, it 
would be necessary to proceed as follows : Let Si be the travel of the 
piston during the admission, i. e, up to the beginning of the expansion, 
E = the radius of the crank, and coi = the angle through which the 
crank has turned, measured from the dead point up to the beginning 
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of tb» expanrioB, then tbefe exists (8ai>pofiii^ that there h a long 
oonnecting rod) tbe relation ; 

.. = B<1 -«.-.) 
bat the Ml tnvd at the pistoo ü 

( = a R. 
whence toWoin, hj dtvüion, tbe degree of expansba : 

f^ 1 - CM CU, 1 

, = " 2 " - «"^ 2 "' 
and the angular moyement a>, tip to the banning of the expausion 
ia therefore calculated from the degre« of expansion aceordiDg to the 
formula : 

«I 2^ '". = V "7 
Next let the travel of the piston op to the beginning of flie 
exhaustion of the steam = s^, and the corresponding angular more- 
rueiit of the crank - <»a , we then get m the same manner : 



V^ 



lint tho travel of the valve for the angle to, is in general, ^H 

liut nt the beginning of the expansion it is, as was found by the 
diagram, ^ = e, and at the beginning of the exhaustion of the steam, 
i. e. fur w = iM_T , it is f = — », and we obtain tlierefore at once (as r 
and J are considered as known) for the calculation of the outside and 
inside lap the two formulas ; 

e = r »in (w, + 5) and i = ~r sin {->, + ä). 

At tlie beginning of the stroke w = o, and therefore the travel of 
the valve = r sin S, whence may be ealcukted the outside lead = 
r din J — e and the inside load ^ »■ sin ä — i. 

Problem 2. — " To fix the radius r of tbe eccentricity and tiie angle 
of advance !, if in a slide-valve gear with one eccentric the dimensions 
of the valve (t. ö. the inside aud outside lap, or * and e) are given, and 

if also it is required that the degree of expansion be - and the open- 
ing of the entrance port at the beginning of the stroke of the piston, 
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or the lead he =v. For instance, let e be taken = • 024™ ( • 94"); « = 
0-007°^ (-272"); v = 0-006"^ (-23") and ^ = 0-80." 

Solution, — ^The solution is reduced to the ascertaining of the 
position of the centre C of the valve-circle (Fig. 3, Plate I.). K this 
position is known, then C O = ^ is the half of the required eccen- 
tricity, and the angle Y C = ^ is the angle of advance. 

Let the point be taken as centre of the axle, draw X and 
perpendicular to it Y ; describe now from O with the outside lap e 
= 0,024°» (-94") and the inside lap ♦ = 007°» (-2750 as radü the 
circles Vi V V4 and Wi W W4, then describe also from O to any other 
convenient scale, or preferably with the radius • 050™ (1 • 97") a circle, 
which represents the crank-pin circle E E4 E^. 

According to the problem, the distribution of steam shall be such 

that the degree of expansion - = "8, in iSxing therefore the point H4 

in the diameter R Ro so that E H4 : R Eo = Sj : s, H^ will give the 
position of the pistou at the end of the admission of the steam ; as in 
the present case s = O'lOO"» (3*93") it is simply necessary to make 
Si = E H4 = • 080™ (3 • 15") ; and drawing from H^ the perpendicular 
H4E4, a line O E4 will represent the corresponding position of tlie 
crank. 

The line O R4 cuts the circle described with the outside lap at V4, 
and that is, as is known from preceding observations, a point through 
which the required valve-circle passes. 

According to the other conditions of the problem, the opening of 
the steam-port at the beginning of the stroke shall be 1; = * 006™ 
( • 23") ; making therefore Vi Pi = v, where Vi = e is known, we 
get at Pi a second point through which the valve-circle passes, but 
this circle passes also through ; if therefore we describe through 
the points V4, and Pi a circle, it will be the required valve-citcle, and 
therefore COY will be the required angle of advance ^, and O Pq the 
requfred eccentricity r. The measurements give S = 30° and r = 

0-060™ (2-36"). 

By fixing the points where the valve-circle cuts the" other circles, 
we are able, as explained in the previous investigation, to answer any 
questions which may arise. 
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Again, in order to solve this problem by calculation, we should 
first ascertain through the kno^n degree of expansion, as in the first 
problem, the angular movement of the crank up to the beginning of 
the expansion, according to the following formula : 



am 



1 /'«, 

2 "'i^VT' 



further, the travel of the valve at the beginning of expansion is 

e = r sin (»i -j- ^) 

and if the outside lap v is given, the travel of the valve at the begin- 
ning of the stroke of the piston is 

Through the two last equations the two unknown quantities r and i 
may easily be found. 

The angle of advance S is, as will be easily seen by the equation : 

^ e 

^ {e -j- V) 8in u)i ^ * 

and next the eccentricity is given by the formula : 



r = 



e -{- V 
sin $ ' 



Fig. 11. 



PrMem 3. — " Let there be given for the designing of a simple valve- 
gear the degree of expansion e = -^, and further the angle of lead y, 
i.e. the angle K4OX (Fig. 11), at which the crank stands lefare 

the dead point at the hegin- 
ning of the admission of the 
steam. Finally, let there be 
also given the width of the 
ports V M = a and the dis- 
tance M P = K, at which the 
outer edge of the valve, at 
its greatest distance from the 
central position stands beyond 
the inner edge of the admis- 
sion-port. 
" Then there is to be determined the eccentricity P = r the 
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advance Y P = S, the outside lap Vi = V4 = e, and the outside 

leadVoPo= V." 

Solution» In this and the following problem it is best to combine 
construction and calculation. 

Fix at first the position of the crank O Ei, or the angle X Bi= «i 
for the beginning of the expansion, through the already explained 
method of construction, or through calculation according to the formula 
previously obtained : 

. "'i / «I 

Next lay down the angle of letid X O E4 = y, and bisect the angle 
El O E4 ; the bisecting-line P gives at once the direction of the 
eccentricity, and the angle Y P therefore is equal to the angle of 
advance S. The latter may be also found through calculation very 
simply according to the formula : 

For the beginning of the expansion we must, in the general 

formula ^=zr sin (to -f- S), substitute e for f and «1 for to, and we 

get: 

e = r sin (uji + 5). 

Next follows, as shown in Fig. 11, for the greatest distance of the 
valve from its central position : 

By combining these two equations and using at the same time 
the formula for S, we get after simple reduction : 

2 r = - ~ — 



8tnr — J — - 



From this equation the eccentricity P = r may be calculated 
with facility (or may be constructed according to its direction). 

By describing now the valve-circle on P, Fig. 11, the two points 
of intersection Vi and V4 upon the crank-lines Ei and O E4 are 



>T.«,^lk. 



B nnde lap^ aad thug complete 



4.— 'I^ H le nfMKd to oteim mth « simple ralTe- 

«f «s|«BaM c = -^ ; and Gnther 1^ there be giren 

■fe kMl V, P. = » ^%. U), tfa> «idtk cT ports y M = 0, and 
«Bee MF = i. «o«UdkAe oala- edge of the xa\ve at the 
to p gl rf AftHibpAiBhwie fMe J Iteropd the inner edge of 



■ l a qMtJ tofallfcadMBrfcaeMrtrieity r. theaiigleof ad- 
e^the I ili'lii lip^—i<te«^rffcily."* 

g wiA tha d hu w proMem we obtain a result in 
r, if «e flrwhfw tike eccentricity r and tiy 
to get Ae oAcr BBkBowa ^BBthKB bf eCBfltmctioa. 

Hw fcT™^". ■c e o t di ^ to whkk r n calcalated, may be found 
«s folknre: 

For the b^innh^ of the strotEe ot the pisttm ire must, in the 
gene»! eqoatioa of the tnvel of the valre ^ = r sin {a> -i- S), sbV 
stitate o ß» ü, and (1%. 11) « + » for f, and get: ^W 

Next is to be fouod, either by calculation or constmction, tSG 
angular moTement of the crank op to the b^inmiig of the espansioO» 
aud f = e, therefore 

e = r »ta (w, -{- J). 

Finally, the greatest tiayel of the valve acootdiog to the diagran^ 
(Fig. 11) is 

r = « + a + I-. 

From these three equations we hare to find the three unknown. 

• Ttie »boye^^ven problem was Bolvod fltst by BedUtilncifr {' Gesetze des Ijocomotiv- 
banea," p. 107) ouly Üitüugli calcnlation: later the engineer Hemnami gave in the 
■ Zeilacbrift dea üsterraiaMsabcii Icgemour-Vereinea,' 1859, val. is., p. 81, and Prolessot 
Giaabof in tbe 'Zeitschrift des Vereines deutscher logenieuie,' 1859, vol. üi., p. 294, a 
real graphical aolution of the aame pnlilem. 
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quantities Ty h and e. Let the value for 6, obtained from the last 
equation, be substituted in the two first ones, whence fellows : 

r (1 — «tn 5) = a -j- Ä — r (a) 

and 

r [1 - «*» (w, + ^)] = a + & {ß). 

In order now to find r from these two equations, 8 has to disappear. 
Use can be made here of the known formula : 

1 — mn a; €= 2 «V ( "T "" "o" ) 
and thus there can be obtained from equation {a) : 



and 



(if ^\ /2r-(a + 



t; 



But the equation (/3) gives : 



''nT""2+XJ=V~27 



or: 

«en 



^"^ VT "" ¥; "^^ "2" + ''^^ VT "" T j ^~ "2" = V ~2T" 



By using in the formula the two expressions above given, and by 
considering that here, as in the previous problems, 



sin -Q- = /V/ "7" = V fi and therefore co« -o" = V 1 = 



we get after easy reduction : 

V 1 — e Va -|- Ä: — i; + V^/ 2 r — (a -f Ä: — t;) = V« + * 
whence follows : 



2 (g + Ä;) - t; + 2 V {a -{- h) (a + h -^ v) (I -^ e) 
r- — 2^ * . 

We can now calculate by this formula the eccentricity r, and as 
for the rest use the system of construction. 

After drawing the two axes X and Y (Fig. 11), describe from 

d2 
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O, with the radius X = P = r, a circle (shown in the Figure hy 
dotted lines), nlark from X towards the value a -{-k, then the out- 
side lap Vo = e is obtained, with which we can describe from 
the corresponding circle (lap circle). 

Next mark from Vq towards X the outside lead Vo Po = v, and 
draw at Pq a perpendicular Pj, P reaching the circle, described with r 
at P ; then P will be the real direction of the eccentricity r, P Y 
will be the required angle of advance S, and the circle described on 
P from the centre C will be the valve circle. The points Vi and 
V4 give thus the positions of the crank O Ej and O E4 for the 
beginning of the expansion and the admission of the steam, and the 
angle X E4 is the required angle of lead. The completion of 
the diagram requires only the determination of the inside lap. 

If, for example, we take the degree of expansion e = 0*8, the 
outside lead v = 0-006" ('23 in.), the width of ports a = 0-030" and 
the distance to which the valve at its greatest travel shall traverse 
beyond the inner edge of the entrance port, k = 0'006" ('23"), then 
the above formula gives for r : 

r = 0-060» (2 -36 in.) 

and from the given construction follows : 

e = 0-024: and 8 = 30^ 

which values may also be obtained through calculation from the 

formulas : 

e = r — (a -\- k) and 

e -{- V 



sin S = 



■ • 
r 



Practical Notes, on the Designing of Valve-gears. 

In executed valve-gears it is generally found that the eccentricity 
r = from O-OSO*" (1-96") to 0-080™ (3-14"), that the angle of advance 
= from W to 30«, and that the outside lead = from 0-003°^ (-118") 
to 0-006°^ (-23"). 

The width of the steam-ports, measured in the direction of the 



Fig. 12. 




therefore 
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motion of the valve, is generally from O'OyO" to O-OSO" (1-18" to 
1-97"). 

Finally, after all these dimen- 
sions are fixed, there only remains 
to be determined the width h of the 
bridges and the size Og of the ex- 
haust-port (Fig, 12). Of course, 
the bridge must be wider than the 
length M P (Fig. 11, page 32), be- 
cause otherwise the valve would open 
the exhaust-port and allow the steam 
to escape into the air. 

Aa the greatest distance of the valve from its central position is 
given by the eccentricity r, it will be seen that 

e -\- a ~^- b must be greater than r ; 
b is greater than r — (e -^ a). 

Useful proportions for this width h may be obtained by applying 
the following empirical formula : 

b =c 10 ^ 0-5 a in millimetreB, 

in which the width a of the entrance-port is to be taken in milli- 
metres. 

WnlriTig also the width a« of the exhaust-port 

a, = r + a + i-b, 

the valve iteelf at its farthest travel will only reduce the exhaust- 
port as much aa the width of the entrance-port. For the ease 
observed in the above Problem 2 we had as an example 

r = 60"-, e = 24°"°, i = 7"", 
and taking the width of the entrance-port a = 30""", we get according 
to the preceding formula the width 6 of the bridges ; 

6 = 10 -J- 0-5-30 = 25""' (-985"), 
and the width of the exhaust-port : 

o„ = 60 -I- 30 + 7 - 25 = 72"-° (2-808"). 
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A fhrtlier qQwtinn, and one which moreoTer often presents great 
<IiflIcultio8 to the begbmer, U that respecting the angle, which the 
centre line of the et'centric should make with that of the crank, or 
in otiier words, how the eccentric is to be keyed to the axle with 
reference to the position of the crank, if a certain angle of advance ia 
given. The rules which here follow are very simple, and long ex- 
perimenta on models are quite nnnecessory for obtaining a eleu 
understanding upon this question. 

In practice, almost all the cases which occur may be divided into 
two classes, which are represented in Figs. 13 and 14. Thus the 
eccentric may act through the eccentric rod either upon the bell- 
erank lever AOB (Fig. 13), or upon the double lever ACB 
(Fig. 14). 

Let us first consider the case shown in Fig. 13. There ia always 
given tlie position and direction of the vJve-face B X, as well aa the 
position of the centre of the axle and the direction Z of the asis 
of the steam-cylinder. 




Choose the direction A, in which the end A of the eccentric 
rod shall swing backwards and forwards; draw the valve S in its 
central position and choose two points B and A, the first in the 
direction of the valve-face, the other in the chosen direction A ; 
erect on the lines representing these directions the perpendiculars 
B C and A C, and then C will be the position of the fulcrum of the 
bell-crank lever ACB, which the perpendiculars represent in that 
position which it occupies when the valve stands in its central 
position. Draw now from the centre the line O D,, at right angles 
to the chosen direction OA, and make OD|,equal to the eccentricity r; 
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then the connecting line Do A gives the length of the eccentric-rod. 
Produce O Z, which represents the axis of the cylinder past O, and 
mark upon this part produced the crank O Bo cts occupying one of 
its dead points; if we draw now the line O D s= r so that it forms 
with the line O Dq the angle Dq O D .= S equal to the angle of 
advance, then, supposing the crank is to move in the direction of the 
arrow, the angle E^ O D is that by which the centre line of the 
eccentric must precede the crank. The difference between the two 
directions wül be, if the axis of the cylinder O Z differs from the 
chosen direction O A by the angle a, 

angle BoOD = 90+^-a. 

If, however, the engine runs in the other direction, the reverse to 
the arrow, the perpendicular Do must be drawn downwards, and the 
centre line of the eccentric r must be put in the position D' (shown 
in the figure in dotted lines), so that the angle Do' O D' becomes equal 
to B and the centre line of the eccentric precedes the crank by the angle 

Eo O D' = 90 + J + a. 

If in the present case the valve-face B X was parallel to the 
accepted direction O A, the joint B of the valve-rod would be in 
the line A C, and the bell-crank lever would become simply a single- 
acting lever. But in most cases the direction BX coincides with 
the direction A, when B C = A C, and the lever is omitted altogether, 
a separate guide for the end of the eccentric rod being no longer 
required. 

The second case, as represented in Fig. 14, may be treated in a 
similar manner. Let there be again given the centre of the axle O 
and the direction B X of the valve-face, and Z of the axis of the 
cylinder. 

Choose as before the direction O A in which the end-point A of 
the eccentric rod shall move; draw the valve S in the central position, 
and B C perpendicular to B X, and A C perpendicular to O A ; A C B 
is then the double lever with the fulcrum C, which transfers the 
eccentric motion to the valve, the lever being in its central position. 
By drawing now O Do = r perpendicular to A, the connecting-line 
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Do A again gives the length of the eccentric rod. Continue as in the 
first case the line O Z ; mark the crank O E^ in the one of its dead- 
points, and draw the line O D = r, the eccentricity, so that it forms 
with Do the angle Do O D = 8, the angle of advance, it being sup- 



Fig. 14. 




posed that the crank moves in the direction indicated by the arrow. 
K, however, the crank movies in the reverse direction, draw the line 
O D' = r, as in the previous case. 

But in the present instance the crank must be turned for 180°, 
because the moving-direction of the valve is reversed through the 
double lever ; the crank must therefore, for the given position of 
the eccentric, be placed in the direction Bq, and it will be found 
that the eccentricity O D = r, on the movement of the crank in the 
direction indicated by the arrows, follows behind the crank at the fixed 
angle : 

Bo' D = 90 - J -f a. 

But when the crank revolves in the reverse direction, the angle 
will be 

E;0D' = 90 -^- a. 

If we call the arms A C and B C in both cases a and h, the move- 
ment of the valve will be 

h 
^ = — r sin (uj -{- S), 

In drawing out the diagram, therefore, the diameter of the valve- 
circle is to be taken as — r, but nothing else is to be altered in the 
rules for designing and the use of the diagram. In all our investi- 
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gations we have considered the simpler and most frequently occurring 
case, and tacitly accepted that a = }>, and that the direction of the 
valve-face coincided with the direction O A, or in other words, that 
the end of the eccentric rod acted directly on the end of the valve-rod. 



CHAPTER n. 

On the ^^ Missing QuaniUy'' in the Formula of the Simple Valve-m^tion. 

In our earlier investigations we found for the travel of the valve 
the equation (P). 

^ = r8indco8w-^rcos$8inw-\' o-j «« uj sin (2 ^ -f" "')• 

We neglected in the preceding investigations the third quantity, 
because it is in mjost cases very small ; and the two first quantities 
then formed the polar equation of two circles, which explained to us 
the whole distribution of steam : it appearing that the valve swung 
symmetrieaUy backwards and forwards on both sides of a point, which 
laid at a fixed distance from the centre of the axle. 

This swinging motion is, however, in reality, strictly taken, not so 
regular, for the quantity 

0"; sin CO sin (2 ^ -|- a;) 

cannot be made under the usual arrangements to disappear altogether. 
But generally the length I of the eccentric rod is very large in pro- 
portion to the eccentricity r, and the disadvantageous influence of 
this quantity nearly disappears altogether in practice. Notwithstand- 
ing this, it seems important to us to examine the influence of this 
quantity more closely, as we can get from it a practical rule, and as 
the exact movement of the valve will be thus brought before our eyes. 
We foimd on page 10 that the distance of the central position 
B of the valve from the centre of the axle D would, when the crank 
had moved tlirough the angle &> (Fig. 15), be : 



OB = r sin (w + 8) + I + I, 
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SabftitotJug for w in this eqtuttioa 180 + &>, and gupposjD| 




therefore the crank tnmed through 180°, we get the distance, if 
we then take the centre of the valve in Bo : 



0B,= 



ii(180 



+ „ + ,) + , + ,,_lf=fl.(l» +_._+_'.., 



Bnt the average of both values gives the distence of the bisecting 
point of the line B B,, from O ; calling this distance O Xu we get 
after some rednctions : 

I'coa'iw + S) 



O X, = / + /, - 
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.! + ;,_ 



(6) 



Strictly, if X, waa nothing else but the centre of motion, Xi 
would therefore be its distance from the centre of the axle. Bnt as 
to occurs in the corresponding formula, it will be seen that OXiia 
variable, and (hat therefore the position of the centre of motion is like- 
wise variable. 

We have already found the distance of the centre of motion, 
according to equation (1), p. H 



in ascertaining the positions of the valve for w = and w = 180°, 
and taking tlio central point between these as the fixed centre of 
raoliou. Wo based this observation upon the procedure in practice, 
according to which the valve is adjusted in the following manner: 
Tiie crank is placed at the dead point, and the lead measured, i.e. 
the oponiug of the entrance-port for this position of the crank ; the 
crank is next placed on the second dead point, and the correspondiug 
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lead measured, and the yalve-spindle is then shortened or lengthened 
till the lead on both sides is equal. This is also, as will be shown, 
the most correct way, and coincides perfectly with our method of 
determining the position of the point X. 

When the " missing quantity " was neglected, the obtained centre 
was X; but when this quantity is taken into consideration, the actual 
position of the centre of motion Xi will be found to be removed 
towards X, and the amounts by which it is thus shifted are simply : 

« = 0Xi-0X = 2^ Tcoi^ $ - CO«» (w -f- 5) J, 
or after a few reductions : 

z = -^^ain w sin (2 ^ -f" "')> C^) 

and that is nothing dse, but the missing quantity itself. An examin- 
ation of this equation therefore will give a complete explanation of 
the movement of the variable centre of motion Xi with regard to 
our fixed centre X. 

Both coincide, or « = 0, if a> = 0°, (180 - 2 S), 180^ and (360 - 2 S), 
i. e. therefore, if the crank stands on the dead points or as much as 2 S 
before them. 

The "missing quantity" is a maximum or the difference z between 
the positions of the two points X and Xi is the largest, if 

sin oj sin (2 8 -{- w) =: TnaximnTn, 

or as the differential calculus gives, if 

sin 2 (^ + w) = 0. 

This gives again four angles, viz, : 

w = (90 - J) ; (180 - $); (270 - 5); and (360 - S). 

The two angles 90 — S and 270 — S give the largest value of z 

«max = + "27 CO^* ^' (8) 

The two other angles (180 -S) and (360 -S) give 

«ma. = - "27 «*»' ^- (9) 
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Bat the diagram (Fig. i, I'late 1.) shows that just at the angles 
90 — 8 and 270 — 8, tlie Iui;geet opening of the ports takes place, and 
tJie valve being at the extremities of its stroke, travels a small distance 
beyond the edge of the [jort ; whether now the valve travels in consö- 

quence of the missing quantity as much as 07 cos' S farther or less is 

a matter of no importance whatever. The greatest difference betwefla 
the positions of the points X and X, takes place therefore just at a 
place where it cannot influence the distribution of the steam. 

The cirt:umataiices are similarly favourable in the cases where tlie 
second maximum diflferonce occurs. 

Tills second difference take-s place at the angles 180 — B and 
360 — S; but according to the diagram, these angles represent tliose 
positions of the crank, at which the valve is just at the middle of its 
stroke, both ports being therefore closed. The effect of the above dif- 
ference is, that the valve at these moments haa not yet quite replied 
the position it otherwise would have, but is still distant from it to 

the small extent 07 sin' B ; but as the ports are closed at these posi- 
tions by the lap. the disturbance in this case also occurs at a tune I 
when it is least felt.* I 

We have now seen that the greatest differences from the results 
given by our diagram, take place in points where they are without 
unfavourable influence upon the distribution of the steam ; the reason 
for this lies principally in the correct fixing of the centre of motion, 
or in other words, in the manner of adjusting, as explained above. 
From this follows the practical rule, always to adjud the valves so that 
ihe lead is equal on both sides. 

In order to get a complete view of the influence of the missing 
quantity upon the entire distribution of the steam, the exact values 
of ^ must be calculated for different values of o), according to equation 
(P), and the curve be drawn to polar co-ordinates. Instead of the two 
circles, a curve is obtained which likewise represents the shape of 

* If tbe Inps aitiWy amall, perLaps nä, as is often the case nith tlie inside lap, thai 
of oourse an anfayounvlije diBtribution of tliu Btcniu niaj bo esppoled in eouaequence of 
the effect of the uuBsine'-nuaQtity. It is tiiereforo advisable, when great eecentricities 
and ehort eccentric rods aimcmpluytid tu inukü the laps elwajs larger than usual. 
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an 8; and this curve then explains exactly in place of the two 
valve-circles, in connection with the other circles, according to the 
instructions given with r^ard to Fig. 2, Plate L, the distribution of 
the steam. 

We do not enter upon this question more minutely, as it is of no 

farther use. If the proportion -,— is in any way small enough, there 

exists no reason for regarding the "missing quantity", and thus 
making the investigation more diflScult. 



Representation of the Distribution of the Steam by means of 

Valve-ellipses. 

The simple diagram for the movement of thef^slide-valve already 
described and examined gives us, first of all, in a very simple 
manner, for any angle co of the position of the crank, the distance of 
the valve from its central position, or as we may say, it represents 
the travel of the valve ^ as a function of the angular movement «o. If 
the angle (o is given, it is easy to fix the position which the piston 
at the same moment occupies in the cylinder. It may be now desir- 
able to show directly, graphically, the relation which takes place 
between the travel of the valve and the stroke of the piston ; and for 
such a purpose, a system of rectangular co-ordinates is to be adopted, 
in which the stroke of the piston is taken as abscissa and the travel 
of the valve as ordinate ; and the diflTerent points obtained in this 
manner for different angular movements are connected by a curve. 

We will now consider more closely this mode of representation, 
which was formerly generally used and which is still applied by a few 
authors. Let (Fig. 16) A B be the full stroke of the piston, drawn 
to a reduced scale, and on A B as a diameter and from O, with the 
radius O A = O B = O E = E, let there be described a circle. Let 
O E be supposed to represent the crank, and let it have moved from 
the position O A (on the dead point) as much as the angle A O E = &>, 
then the perpendicular E M gives at once in the part A M = s of the 
line A B the travd of the piston. This line may be taken as an 
abscissa, if A is taken as the point at which the co-ordinates shall 



nominfliiet», üml if u\m, ms w.« aliall for Bimplieity suppose here, 
eounecting rod ia taken as iiifimlely long. Let us draw uowto 




samo or any other scale, tlie ordinato M N representing the movement 
of the Talve f, corresponding to this position of the crank. This 
movement of the valve may be either calculated by the formula 
^ = r sin (w -f- 8), or it may bo obtained on a graphical manner by 
our polar diagram. In the latter case, draw from the perpendicular 
Y, and draw nest the line O D = »• = the eccentricity in Back 
direction, that the angle Y D becomes equal to S = the angle of 
advance. The radius vector P, falling in the direction of the crank 
O E, and belonging to a circle described on D, thus gives at once 
the required ordinate M N. 

Fixing in this way a series of points like N, and connecting them 
by a line, we obtain a closed curve which, as may easily be proved, is 
an ellipse, and which ia called the valve-ellipse. If we now shift the 
point of commencement for tbo co-ordinates to the centre O, and 
take O M = (B as the abscissa of the point N, we then find at once 
(this being exact only for connecting rods of infinite length). 



wliile the ordinate, which we call ad interim y, 
.V = E = r «n (w 4- S). 
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Eliminating &om both equations the angle o), we get after a few 
reductions : 

and that is, as may easily be proyed, the equation of an ellipse from 
the centre, but in which the axes of the co-ordinates do not coincide 
with the chief axis* The ordinates of the different points of that 
part of the ellipse situated above A B, represent the movements of 
the valve towards the one, and the ordinates of the points below A B 
the movements towards the other side of the centre of motion. By 
drawing the parallel lines e e and 6 6 at a distance equal to the outside 
lap e above and below A B, and also the parallel lines i i and i i at a 
distance i equal to the inside lap, the distribution of the steam is given, 
and it will be found, according to that which has been stated on page 23, 
that the opening of the entrance-port for the position M of the piston 
during the stroke of the piston from A to B is given by the part N S of 
the ordinate M N, and the opening of the exhaust-port by the part N T 
of the same ordinate. Further, it is easy to understand that the points 
a, &, c, and d indicate successively the position of the piston for the 
beginning of the expansion, of the compression, of the exhaustion 
before, and of the admission of the steam behind the piston. By pro- 
ducing the perpendiculars which stand upon A B and pass through 
these points so far that they meet the crank-pin circle, we obtain for 
these four chief points in the distribution of the steam, the positions of 
the crank 01, O 2, 3, and O 4. We, however, found these positions 
more simply in our polar diagram through the points in which the 
valve-circles and the two circles described with the lap crossed each 
other« In fact, this method of representing the movement of the 

* CaUing the angle to which the greater demi-axis of this ellipse deviates &om the 
axis of abscissa A B, ^, then is according to known mathematical thesis : 

. « .. 2 R r stn 5 

the greater demi-axis a is fomid by the equation : 

2 E2 r2 C08* 5 



a3 = 



R2 4. ^ . ^ (ß2 + ,5^ 2 « 4 R2 ,4» C052 5 

and the smaller demi-exis 6 by the formula : 

2 R2 ^ C052 5 



&3s: 



B? + r8+VCß^ + r2)8«4 Rar« COS» 5* 



« ^K3[^ 



''>icr 5:mi!r tiftgrmu BUt x i» nuc ^ le ^ssnmxiisiiniii iir jg^-tWl 
^oiica&i;ii. m icr^oimi: if 'lie ztp^ipt thSünirj if »mscnccäjiL. 

F:r 'äcfie TTkL^v^-^^pcs. in. ▼niüh ':ae mgp- if Arvriajfe Aod eeooi- 
tnr!irf az^ -riraaL^ :zim mAiutt j» -vioiim: mx ^uk^; ior cadi 
«^puaSi^ -^afie -^onIiL 7»tinir°^ ^:ai^ snxscntüiiiiL if & ^«=eül rfKp y^ a 
work viiica 7^:^xir£§ miirn ^:ane imi -vtiiim. ^«^^ nut grv^ tiie neeesBBiy 

wTsL % suuLj Imi» siti «^nrv^s tma£ is wnmd be lem&sred difficult to 



A rfiagnpn difi^^nt ftom dsKl alwyv^ deflenbed. ud wbidi gives, 
with equal iKilitT. ansvex? to aD qveatns »isi^ with icgmid to the 
distribotioii of the iteam mod die iirihipwre cf di&ieiit dnnemdcHis in 
a «mple inJve^gear, hag been inrailed tr R u fea H Bu r Benlcaan:. In the 
fioflowing descfiption of this diagimm bj Beideaiix, the same designa- 
tions are em^ojed, so as to fcrilitatp tiie mmpaiwon with the other 

The trarel of the Talre has been shown, accoidii^ to pieTioiis 
formnlasy to be : 

J^ — r timZ €om v -\- r am i mm m ^p, 12) 

or as we can also write : 

= r «t» (J -I- «> 

The opening of the entrance-port at the angle « was : 

- e = r «n (^ + w) - c (p. 23) 

and the corresponding opening of the exhanst-port : 

— 4 = r «tn (5 + cü) — i. 

Now in order to save calculations and to obtain through the 
dia^am a complete insight into the matter, we proceed according to 
lloiiloaiix as follows : Draw the two axes O X and O Y at right angles 
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to each othor (Fig. 17), take as the centre of the axle, «nd draw 

Fig. 17. 
7 




the lines P and Q in such a way that they form with T and 
O X the angles 

i. e. equal to the angle of advance. Describe now from with the 
radius of the eccentricity r, thus with O B = r, a circle, and suppose 
the crank to be in the position O X on the one of its dead points. 
Nest draw parallel to the hne Q at the distance O W= i = the 
inside lap, the line Bi Rj ; and also at the distance O V = e = the 
ontside lap, the line Kj Rj, and finally at the distance V M = a = 
the width of the entrance port, irom Rj R, the line Mj M» and the 
diagram is then completed. 

Suppose the crank to have turned through the angle X O B, = 
to, and to be thus in the position Rj, and drop from B^ the per- 
pendicular B, Qi towards O Q, then we have simply : 

B, Q. = r «n («, + J) 
the tiavel of the valve, as well as 

E,V, = R,Q.-Q.V, = r ««{«/ + *)-« 
the opening of the entrance-port, and finally 

E. W, = E, Q, - Q. W. = r «in (uj + S) - i 
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the opeDing of the exhaust-port for this particular position of the 
crank. 

If the crank stands on the dead point, for instance in the position 
O Ho» then the opening for the admission of the steam is Bq Yq, that 
for the exhaustion E^ Wo ; and the former value is therefore the oat- 
side, the latter the inside lead. 

The correctness of the following will be understood very easily. 
At the position OR3 of the crank, when it stands at the angle 
B3 O Bq lefore the dead pointy the admission of the steam begins behind 
the piston. At the position O II5 the exhaustion begins before the 
piston. 

At the position O Mi of the crank, the entrance port is just full 
open, and it remains fully uncovered until the position O M2 is arriyed 
at by the crank. 

At O E2 the expansion begins, at O E4 the compression, &c., &c. 

If the crank occupies the position O Q, the valve is at its central 
position, and when the crank is at the position O P, the valve is most 
remote from its central position and M P represents the distance to 
which the outer valve edge has moved back over the inner edge of 
the entrance port. 

If it is also required to know, at which positions of the crank the 
other port is just fully open for the exhaustion of the steam or just 
begining to shut, then draw at the distance W N = a the line NjNj 
parallel to O Q, and O Ni and O N2 are at once the required positions. 

In the other semicircle the procedure is of course the same, and 
all chief positions of the crank have only to be produced over till 
they meet the circumference of the circle. 

As the values of r, e, a, and i are generally drawn full size, all 
the other measurements are also obtained to the same scale. 

In the diagram, Fig. 17, which is drawn half-size, the dimensions 
are applied as taken in problem 2. 

This diagram gives for the simple valve-gear the chief positions 
of the crank with as great facility as the circle-diagram ; and it gives 
just as simply and clearly the proportions for valve-gears with 
separate expansion-valves. It only loses in clearness, if it is applie^^ 
to those valve-gears in which the eccentricity as well as the angle of 
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idvance are variable according to certain laws ; for ßuch valve-gears, 
of which we shall examine a whole series farther on, the circle 
diagram is to be preferred. 



The Diagram by Müller. 

Another way of ascertaining the diiGTerent positions of the valve 
in relation to the different positions of the crank in a graphical 
manner has been given lately by Professor Müller.* 

Miiller's diagram, which distinguishes itself from the above-given 
diagrams principally by representing the travels of the valve in a 
mathematically exact manner, will be understood from the following 
description : 

Let OX (Fig. 4, Plate L) again be the direction of the valve-face, 

and let O Y be vertical to this direction. If the crank is on the 

dead point, the eccentricity r takes the position OD; D O Y being 

the angle of advance S. Next let D Bj be the eccentric-rod, the 

length of which we shall call Z, and Bj may represent directly the 

centre of the valve. K the crank is now turned through the angle 0), 

then the centre line of the eccentric r is shifted from the position 

D into that marked O D', and the valve-centre comes to Bq. The 

distance O Bo has been already (page 10) determined by calculation ; 

hut this value may also be obtained by geometrical means as follows : 

Instead of taking the valve-face O X as fixed, and O D as changing 

its position to O Di, as is the case in reality, we take the eccentricity 

D as fixed, and turn the valve-face O X in the opposite direction 

through the angle X O X' = 0) (direction of the arrow). Marking 

on X' from D the length of the eccentric-rod B D = Z, reaching to 

B, the length O B gives at once the distance of the valve-centre from 

the centre of the axle for the angle 0), for O B = O Bq. Hence 

follows directly the simple rule : — In order to fix the distance of the 

valve-centre B from the centre O of the axle, describe from the point 

^ a circle with the length of the eccentric-rod DB2 = DB = Zasa 

* Invitation-paper of the Royal Polytechnical School at Stuttgart. 1859. Civuia 
iwwor, Tol, Til., p. 347. 

b2 
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ndiiu ; tho mtjint lines ilmwn to tliat drcle froni O then i 
directly the ret^uin-d distances ; and Üie angle, wLicb any radial line 
O B forme witli the direction O X gives at tie same time the iiogle 
u, to wbicli the crank ut tliis position of tlie valve differs from the 
dead point. 

But the valve has to swing on a fixed centre bacbwanis and 
forwards. Id adjusting the valve, as has been done in the previoaa 
instances with equal li-ad, i. e. ensuring that it stands at equal dis- 
tances from the centre of oscillation, when the crank passes through 
the one or the other dead point, we must proceed in the foUoiving 
manner, in order to fix the movement of the valve. 

Bisect the distance l\ Bj, (. e, the distance between the point3 in 
which the circle cuts tlie direction X, in the point 0,, and describe 
from the centre O of the axle with the radius M = Oi Bj = 0, Bj 
a second circle, and the length M B gives directly the movemeut f of 
the valve, or the distance travelled by the valve from its central 
position for the angle a>. Producing B past 0, we get in the samfl 
manner with the length M' B' the movement of tiie valve for the 
angle 1 80 -|- ai ; whilst the lengths M, B^ and Mj Bj give the move- 
ment of the valve f or w = and cd = 180*, i.e. for the moments at 
which the crank passes through the one or the other dead point. 1* 
is thus also easy to understand that M„ and M'„ will represent 
the positions occupied by the crank when the valve is just at tlv^ 
centre of its travel. 

In the same easy manner and with reference to that which is sa:^*^ 
on page 23, the openings of the entrance and exhaust ports may t-^^"^ 
obtained for any position of the crank. Making upon the line ^^^ 
the distance M P = M' P' = e, i. e. equal to the outside lap, and th -^"^ 
length M N = M' K' = i equal to the inside lap ; and describin^-^ 
from Ü with the lengths OP, ON, P', N' a series of cirele^^ 
then B P gives the opening of the entrance-port, and B N" the openin^^^'' 
of the exhaust-port for the angular movement a of the crank ; ani^-^^^ 
in the same manner the lengths B' F and B' N' give the sam^^^ 
openings for the angle 180 -(- m, 

Thu distances Ej P^ and Bj Pj represent the openings of the entrance- -"^ 
port, and BjNj and BaNg those of the exhaust-port, if the crank 
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stands on one or the other dead point, the piston thus being at the 
end of its stroke ; the former distances represent therefore the out- 
side lead, and the latter the inside lead. It will be seen finally, 
considering the statements made previously in constructing the dia- 
gram, that for the forward and backward stroke of the piston respec- 
tively O El and O K/ in Fig, 4, Plate I., represent the positions of the 
crank at the beginning of the expansion ; O R2 and O E'2 those at the 
beginning of the compression ; O R3 and O R3 those at the beginning 
of the exhaustion ; and O R4 and O K 4 those at the beginning of the 
admission of the steam. 

At first sight the present diagram might easily be taken to be 
more useful and correct than the diagrams which we have previously 
given, because Miiller's diagram gives all measurements mathe- 
matically exact ; but on a closer examination it shows disadvantages, 
which are diflScult to remove, so that it can be recommended only for 
investigations of valve-gears with very short eccentric rods; for in 
order to obtain the measurements correctly, the figure must be drawn 
full-size. But as valve-gears in most cases have eccentric rods, 
which are very long in proportion to the eccentricity, the figure will 
not only occupy an inconveniently large space, but what speaks 
chiefly against the application of the diagram, the different circles will 
cut each other at very acute angles, so that the points of intersection 
which give the positions of the crank for the beginning of the expan- 
sion, the compression, &c., cannot be marked with the necessary 
exactness. The longer the eccentric rods are, or the better therefore 
that valve-gear is, the more uncertain will be the results obtained from 
the diagram. But it shows still greater disadvantages if, as must 
be almost always the case, the diagram is drawn to a reduced scale. 
[Finally, for those gears in which the eccentricity and the angle of 
advance are variable, and of which several wül be examined farther 
on, it loses any utility. 

But the diagram may be applied with great advantage to an inves- 
tigation of another kind, viz. to ascertain the position of the piston in 
the cylinder for a corresponding position of the crank. 

■ We have always supposed in our former examinations (p. 25) the 
length of the connecting-rod to be infinitely great in proportion to 
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the crauk-radins. This sappositioQ leads is many cases to considerable 
differences, and the following construction, which gives the positions 
of the crank most correctly, is therefore to be preferred. 

Let A B (Fig. 18) be the fixed steam-cylinder, the axis of the 
crank-shaft, O R the crank in any position, and R K the connecting 
rod of the length L, with its end K directly fastened to the piston. 
If the crank stands in one or the other dead point, or in the position 
O Efl or K', the piston will be on the end of its stroke K« or KV 
If the crank 11, of the radius K, has turned through the angle 
Eo U = w, the corresponding position K of the piston is found by 
inlersectiug the line O A with an arc drawn from the point K, with 
the length L of the connecting rod as a radios. K« K and K K',, are 
tlien the distances of the piston from the ends of its stroke for the 
corresponding iiositiou K of the crank ; and K„ K is the distance 
travelled by the piston. Inslead now of supposing the crank to be 
movable aud the cylinder used, we take the crank as fixed in O B, 
and turn the centre line of the cylinder O A through the angle w, 
into the position M«. If we now, 
^'S- *8. with the length of the connecting 

rod L as a radius mark off from 
E« upon the line O M^ the point 
M, we shall have, as will easily 
be seen, M„M = K„ E and M'M 
= K'o K, if Ü Mo is made = O Ko 
and M' = K'„. The following 
rule for determining the move- 
ment of the piston is thus obtained. 
Describe from the centre O of the 
crank-shaft with the radii OK, 
and K'j the two ciroles I and II. 
Next describe from Eo with the lengths EoEo = BqM = L a third 
circle, which we may call according to Müller the distance-circle. 
For any position O H of the crank, after producing the line ß beyond 
the three circles, three points of intersection Mg M and M' are obtained, 
and the distances MgM and MM' give at once with mathematical 
correctness the distances of the piston horn the end points of its 
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stroke, when the crank has trayelled from the dead-point through the 
angle «o. Bisecting the stroke Ko K'o of the piston in Km and describ- 
ing from O the fourth circle (shown in the figure an dotted lines), the 
lines O Em and O E'm, which pass through the points of intersection 
of this circle with the distance-circle, give the two positions of the 
crank, at which the piston is just passing through the middle of its 
stroke. The angles, through which the crank has to pass from its 
dead-points,, till the piston arrives at the middle of its stroke, are 
therefore different for the backward and forward stroke; and they 
approach nearer to right angles, the longer the connecting rod L is in 
proportion to the radius B of the crank. 
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SECOND DIVISION. 

REVERSI-VG-MOTIOSS »TTH TABIABLE EXPAXSIOX. 
(LinJe-moliotu.) 



YAtTE^BABs by which the slide-valve can be moved so that the crank- 
axle runs either iu the one or in tlie otiier direction, or as is generally 
eaid, the engine worlis forwards or backwards, are called briefly 
" reversinff-vwiions." 

These reversing-motions, which must be applied to all locomotive, 
marine, and winding engines, are constnicted in very different man- 
ners : by far the most important ones being those which allow at the 
Bame time of variable expansion, by which the admission of the steam 
to the cylinders can be interrupted sooner or later as well during the 
forward as during the baclnvard motion of tlie engine, 

In all these motions, which by corresponding movements of one 
glide-valve allow of alterations in the degree of expansion, and the most 
important of which we will examine and demonstrate hereafter, the 
motion of the slide-valve is derived from a frame called the '" link," 
which itself is set into an oscillating, and at the same time a forward 
and backward motion by one or two eccentrics, ßeversing-motions 
with variable expansion of this kind will be called for the future briefly 
" link-motions'' 

The liuk-motions belong unquestionably to the most ingenious 
mechanical movements, which occur altogether in the construction of 
machinery. Through simply shifting a lever and some of the parts 
of this very simple mechanism, the movement of the slide-valve, pro- 
duced thereby, can be altered so that the engine can be made to 
run backwards or forwards with any degree of expansion, a result 
which it might be expected could only he obtainable through very 
complicated mechanisms. But the link-motions now usually employed 
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are as simple as the law, carefully considered^ according to which the 
movement of the slide-valve takes place is complete. The object of 
this book is chiefly to demonstrate this law for the most important 
and best-known link-motions, and to derive from it practical and 
useful roles. 



CHAPTER I. 

Link-motion by Steplienson. 

This link-motion is the one most generally used for locomotive 
engines. Fig. 5, Plate IL, shows the ordinary arrangement employed. 
Upon the axle O are fixed the two eccentrics D and Di, from 
which extend the two eccentric rods BC and BiCi, these being 
jointed at their farther ends to the expansion-link C Ci. In a 
curved slot, cut into this expansion-link, there slides the block M, 
which is connected by a joint with the valve-rod T, wliich moves in 
fixed guides. The radius for the curve of the slot in the link must 
be, as will be shown hereafter, equal to the length of the eccentric 
rod. The expansion-link, which we in future shall simply call " link," 
is suspended by the lifting-link E Ci in such a manner, that if the 
engine-driver moves the reversing-lever L M, the reversing-rod G P 
and the lifting-arm F K E will lower or raise the lifting-link E Ci, and 
therefore also the link C Ci. The block M then slides in the slot of 
the link, and the driver may therefore use, according to the position 
of the lever L M, any point of the link for the movement of valve- 
spindle T. The lever L M moves in an arc Q E, which is provided 
with notches, by means of which the lever can be fixed at any position. 
The suspension of the link, which is made in the two shapes repre- 
sented by Figs. 6 and 7, Plate 11., is also often efiected at the upper 
end C or by a pin in the middle I of the link, this point being called 
the dead-point of the link. For if the link is (Fig. 5, Plate II.) so far 
raised that the point I drives the block M", and therefore the slide- 
valve, the distribution of the steam is then such, that no movement of 
the engine canjtake place ; but if the driver lowers the link, the 
engine runs forward, because the forward eccentric D then decides 
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principallT the morement of the sUde-TdTa IC on Üie oontrary, the 
liak is raided so üir that a point below the dead point drives the 
block H, the engine nins backwards; the backward eccentric then 
inflaencing chiefly the morement of the slide-TalTe. It ^Hll now he 
seen that the link, in consequence of the tomiDg of the axle, wul not 
only receive an oscillating motion, but will also at the same time moY6 
backwards and forwards^ and transfer in this way a peculiar move- 
ment to the block )I and also to the slide-valve. The latter movement 
isy however, so extraordinarily complicated, that it cannot be defined 
exactly, bat only approximately, by mathematical calculation. But 
the resulte of the calculation and of the diagram coincide completely 
with practice. 

In examining these link-motions, we have to distinguish diffi^rent 
cases : the eccentric rods are either open or crossed, as is represented 
by Fig. 19a and 19b ; and in either case the angular advance of the 
two eccentrics may be equal or unequal. 

Fig. 19. 




Let O be the centre of the axle, O D the centre line of the for- 
ward, and O Di that of the backward eccentric ; then any point M of 
the link may drive the valve-spindle M B, and the centre line of the 
motion of the latter passes through O. If, now, the crank is on one 
of its dead points (notwithstanding the angle which it forms with the 
centre lines of the eccentrics) — ^for instance in the direction O Eo, and 
if the centre lines of the eccentrics are in this position equally in- 
clined towards the vertical line O Y, then we have eqiml angles of 
advance ; these being D O Y = Di O Yi = S. If these inclinations 
' are not equal at this position of the crank, we have then to deal with 
different angles of advance, and the distribution of the steam is then 
a different one. In order to examine whether a link-motion works 
with crossed or open rods, the axle is turned so far that the cerdn 
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lines of the two eccentrics are between the vertical line T Ti and the 
link. If then the eccentric rods occupy the positions shown in Fig. 
19a, we have to do with open rods, or with crossed rods, if they are 
as shown in Fig. 196. The distribution of the steam is again different 
in the two cases. 

For the further investigation we will introduce the following 
definition : — The amount of the eccentricities O D = O Di = r ; the 
angular advances (both taken as equal) DOY = DiOYi = S; the 
length of the eccentric rods D C = Di Ci = Z. (If the link is as 
in Fig. 6, Plate 11., the length is to be measured to K.) The half- 
length of the link, measured from the dead point I to the connecting 
points of the rods C and Ci =: c. (In the link, Fig, 6, Plate IL, K I 
is to be put equal Ki I = c.) The distance of the slide-block M from 
the middle of link I, which is variable according to the position of 
the link, and which may be positive or negative, = u. Finally, let 
the length M B of the valve-spindles measured from the centre B of 
the slide-valve = Z^. 



Theory of Stephenson^s Link-motion. 
a. The Determination of the Travel of the Slide-valve. 

The chief object of the theoretical investigation is to find the rela- 
tion between the angular movement on of the axle or of the crank, 
measured from the dead point, and the travel of the valve f , t. e. its 
distance from its centre of motion at any position of the link, or any 
value of u. We shall first carry out the investigation for a link- 
motion with open rods and equal angles of advance, and from the 
results obtained it is easy to determine the relations for crossed rods 
and unequal angles of advance. 

First of all, we have to calculate for certain corresponding values 
of Ö) and u, the inclination a of the chord of the link towards a line 
vertical to the centre line O X (Fig. 20). 
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Fig 20. 




For this purpose we put approximately the length of the chord of the 
link C Ci, equal to the length of the arc, therefore = 2 c, which is 
allowable, as the ladius for the curve of the link is always very large. 
In the same way we put the distance of the point Mi in the chord 
ft^m the centre of the chord Ii, equal to u, i. e. = I M. If the crank 

is on the dead point, for instance, in the direction Bm if Z repre 

sents the direction of the centre line of the steam cylinder, the^ 
different parts of the motion take a position as shown in Fig. 20 by^ 
the thin lines. 

If the crank is now turned through an angle a, the eccentri(^^ 
the eccentric rods, and the link will take the position shown by th -m 
thick lines. The connecting point M of the valve rod will not leav — < 
the line B if the lifting link is taken sufßciently long, because tl^k-e 
latter, at the supposed position and during the taming of the axL ^ 
will keep the link always at a constant height, at least approximate! ^. 

Let us now drop upon B from the points C and Cj, the perp^ai- 

diculars G F and C, Fi, and also upon O B, from the points D and t )j, 

' the perpendiculars D N and D^ Ni, and fix at first the angle FC Ci 

= r,cc = «. 

Then: 

FF | F - OF. 
"" * = CO, " 2"c * 

We now fix the value : 

OF = ON-)-Nr = ON + Vdc-ccf-dn)* 



01 approximately, if for the small angle a is pnt cos a- = \, and t-te 
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factors with Z in a higher power in the denominator are neglected in 
the evolution of the progression : 

0-n . r fk. . V .'S C^ , C fJb U 

F = r««(J + «,) + i-2^+-7--2T 

_, (c -^u) r COS ($ -f- cü) r* cos* ($ -f- w) 

and next in the same manner : 

or substituting the known signification : 

O F^ = r «in (J — a;) + V Z" — [(c + w) co« a — r co« (^ - w)]*, 
which gives approximately 

OP, = r m (J - «,) + i - 2^^ --1--JJ- 

(c -{- u) r COS ($ ^ cv) r" co«* (8 — a;) 

"•" Z 27 

If the two values of F and O Fi are substituted in the equation 

O F — O F 

azn a = — ^, we get, after sufficient reduction : 

2e 

sin Of = — cos 8 sin w — -f **w S «n a; — — r cos $ cos cv 
c I cl 

+ T + IT? t^*' (^ - c.) - COS« {$ + a;)]. (11) 

By this formula the inclination a of the link to the vertical line 
Cl Fl may be calculated for any value of to and u. 

In future we shall be obliged to calculate this inclination a under 
tlie supposition that the dead point of the link falls on the line 
O X ; then therefore u = 0, and for this case equation (11) gives at 
once: 

sin a =: — cos $ sin w j- ^n $ sin cv 

c I 

+ 477 t*"^' («-"<)- ««^ (* + «-)]• (12) 

After these preparations, it will be found easy to calculate the 
^'stance of the valve-centre B from the centre O of the axle. Accord- 
^S to the figure : 

0B = OM|+M|M + MB = OF - M,F + MM» + MB. 



M nmttSDKMIOTIOSS. 

Tlw Tilttfi or O F 
JC,F= (e -»)•«-; MB = /, and MM, - „— ~ 
poM tbftt tbe linlc is carved to any radios p. We get thus 



kBOvn according to equation (10) ; nest 

, if WS BUp- 



B = F - (f - ■) «in a + , 



,+l.- 



Bnbstihiting ia thü eqoAtion the valaes of F and sin » abore 
obtaiued, according to eqaation (11), then follows after suffident 
redaction : 

B . r («■« J + ^j- ral\ro,w + ^ CO, iunu, 

+ ! + !, + (,•-,.•)'—' 

- ITT K° + ">"■(' + "' + (' - ") "■' <* - ")]■ 



(13) 



If the link-motion is a correct one, the vftlve must for any value of 
« (t, e. at all positions of the reversing lever) symmetrically swing 
backwards and forwards on both sides of a certain point X, the posi- i 
tion of which is nest to be ascertained. 

We start also this time with the supposition, that the valve will be 
adjusted by the designer to give equal lead, in the manner explained 
on page 11 for the simple valve-motion. 

At first we will suppose the crank be on one of its dead points, 
and tlius w = 0, and the distance of the valve centre of the axle will 
be, according to equation (13), 

R. = r («m S + ^~— cos j) 

dead point, then w = 180°, and the 



If the (irank stands on the 
same equation (13) gives 



r(.,„J + i'^-«,.j) 

+ i + !, + (^ - U-) I 
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But the centre of oscillation X must be midway between B2 and 
B3, and its distance from the centre of the axle is thus 

or substituting the values above given 

O X = Z + Z, - -^ CO«« ^ + (c« - w«) ^^. (14) 

In this equation u still appears, L e, the oscillating centre X is not 
fixed, but alters its position with the movement of the link ; and this 
is not admissible. If the link-motion, therefore, is to fulfil all condi- 
tions, the last quantity must be nil, which is the case if 

§ = I, 

Hence there follows the important rule : — In Stephenson's valve-gear 
the link must always he curved to an arc, the radius § of which is equal 
to the length I of the eccentric rods. 

Under this supposition, the distance of the oscillating centre from 
the centre of the axle is, according to equation (14), 

OX = Z + Zi--^co»«5, (15) 

♦. e. exactly as great as in the simple valve-motion (page 11), 

Further, the distance of the valve-centre B from the centre of the 
axle for the angle (o is, according to equation (13), 

sin $ -[- J— COS $\ COS ÜÜ -\- cos ^ sin uj -\- I -\- li 

- -^jj [(c + u) co^ (^ + w) + (c - w) co^ {$ - a;)] ; (16) 

and finally the travel f of the valve from its central position : 

g = O B - O X, 
or substituting the above values and after suflScient reduction : 

sin 3 + T— cos $ j cos CÜ -J- — cos $ sin w 

-j- -Ä-y I cos 2 d sin cü "{■' — sin 2 $ cos CO j sin cu. 



OroaUing: 
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^(^ 






eget: 
(IT) 



f = Ae(WCü + Bsi»i!<:-f-F. 



An equation of exactly the same Form as that fpnnd for the simple 
valve-motion, only that the factors A, B, and F represent difierent 
values. 

The value of F according to equation (19) is again the " TniBgiTig 
quantity," and ought to he also here exceedingly small, if the oscil- 
lating centre shall not be variable during the turning of the crank. 
Aa in well-constructed link-motions I is always large in proportion to 
r, the quantity has no great influence, and we may put therefore : 



fJV) g = 



cZ 



f j cos £U -f- '^1 



From the formula above given, we can obtain at once without 
fiirther calculations the formulae for the travel of the valve in the 
cose of Stephenson's link-motioa with crossed eccentric rods (Fig, 21) ; 

Pig. 21. 




M lor rurwiin«, mn\\y to be imderstood, wo have only to take in all 
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formulas the value of as negative. Thus we get next for the travel 
of the valve with crossed eccentric rods 

**** J — — = C08 $ j C08 ÜÜ COS S sin U) 

^ ( . ** . ^ 

-|- -qT ( CO« 2 5 «n a; — — «tn 2 ^ C08 a; j «1» w. 

Or neglecting also here the "missing quantity" and combining 
the equations of the two kinds of link-motions : 

/. ^ — tt* \ ur 
(II) = r f «in J ± — -7 — cos $ J cos w ± cos $ sin cv, 

wherein the upper sign must be taken for open^ and the lower one 
for crossed rods. 

b. On the Curve of Centres. 

The equation, obtained for the travel of the valve, has again, as 
stated, the form : 

^ = Acos ÜÜ ±'B sin CJÜ 

and the travels of the valve may therefore be taken, as already shown 
on pages 13 and 21, as chords of a circle, the centre of which has the 
co-ordinates (Tig. 2, Plate I.) : 

c' - w* A ^ 

: 5 — cos $ ! and 

cl J 



. 0B = 


a 


= 


A 

2 


= 


r 
2 


I sin 8 


BC = 


h 


= 


B 
2 


= 


2c 


- cos 0. 

1 



But the above values of a and h are dependent upon u, i.e. upon 
the position of the link, and therefore there is a special valve-circle 
corresponding to each position of the link. The centres of all these 
circles will be in a certain curve, and this curve we shall call the 
curve of centres. In Figs. 8 and 10, Plate II., the different centres 
are marked Co, Ci, C2, &c., &c., the first figure being for open, and 
the second for crossed rods; and it will be seen that in the first 
case the concave side, and Ih the second case the convex side of the 
curve is turned towards the point 0. 

F 
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The co-ordinates for any point C3 of the curve of centres, measured 
from O and first for open rods, are (Fig. 8, Plate EL) : 



O B3 = ^ I «ji ^ -(- — —^ — cos jj 



ur 
Bg Ca = 2"^ COS i. 

Making the abscissa measured from the point Gq = x, substituting 

thus for 

« = O Co - O B3, 

we get (because for Co we have ti = 0) 

OCo = -5-(«»^-f-~TCo«^) and therefore 



ru* 



^ = "271 "^ ^- 

Calling also the ordinate B3 C3 = y, we may find from y = ■—- cosB 

Ac 

the value for u, and substitute it in the equation for x ; thus follows : 

I r cos ^ 

The curve of centres is, therefore, here a parabola, the para- 

17* COS o 

meter of which is = — : — ; and in which the distance between i 

2c 

vertex Co and the centre of the axle O is : 

r / c ^ \ 

O Co = -Q ( «t» ^ + 7- CO« ^ J. 

Exactly the same equation is obtained in a similar manner fc^avor 
crossed rods; but the distance between the vertex and the centf — re 
Ois: 



-Q- f «m 5 — -7- CO« ^ ] ; 



and the convex side of the^ curve is turned towards O (Fig. ^^K-0, 
Plate II.). 

c. On the Suspension of the Link. 

For getting out the elementary foimula for the movement of 
the valve, we supposed that the point M of the link, from which ±he 
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^alve rod receives its motion, moved backwards and forwards exactly 
in a straight line O B (Fig. 22). 

In reality tliis is not the case ; the link always moves a little up 
and down during the Fig. 22 

turning of the axle, be- v 

cause one of its points is 
fastened to a lifting link 
which moves round a fixed 
point E. The point of 
suspension J, therefore, 
moves backwards and for- 
wards in an arc, and as in 
consequence the sliding- 
block also moves a little 
backwards and forwards in the link, this irregularity will finally be 
transferred to the valve. 

As these irregularities may be made very great by an incorrect 
mode of suspension, it is one of the most important questions of the 
theoretical investigation to determine the manner in which the sus- 
pension should be carried out, in order that its influence upon the 
movement of the valve may be as small as possible. 

Two diflTerent systems of suspending the link are generally found 
to occur in practice; the lifting-link being either fastened to the 
lower end of the link, thus to Ci, or to its centre. The upper point E 
of the lifting-link always moves in an arc, the centre of which K is 
fixed. It is now the problem to ascertain the different positions of 
the end point E of the lifting-link for different positions of the link, 
under the supposition that the link may move up and down as little 
as possible ; and the latter will be the case if, under all circumstances, 
the point of connection of the link with the lifting-link moves back- 
wards and forwards in an arc, the chord of which is parallel to the 
centre line O B of the stroke. 

We shall suppose at first in our investigations that the link is 
suspended by its centre. 

Let us take the point of Suspension J as being in the centre of the 
chord C Ci, which corresponds best with the mode of suspension prac- 

f2 
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tically followed^ and endeavour to ascertain the horizontal motion of 

the suspending point J, under the supposition that any point M of the 

link moves backwards and forwards in the direction of the stroke 

O B^ and at a distance u &om the dead point. Let O be the point 

at which the co-ordinates commence^ and we have then to find the 

abscissa O P of the point J, 

It is 

OP = OF-FP, (21) 

but according to equation (10) we have : 

^ -r^ . / ,. X . » (^ . CU U* , r (c ^ U) C08 ($ -i- Üü) /oo\ 

OF = r«m(^+a;) + Z- 27+X " 2T+~^ I ' ^ ^ 

if we neglect the small quantity 

21 ' 

and next we have according to Fig. 22, ' 

F P = c sin a 

if a is the angle of inclination of the link-chord with a vertical 
line. But, according to equation (11), page 61, the value of sin a is 

known ; and neglecting also there the quantity which contains ~ 



4cZ 
as a factor, we get : 



ur . u 



aina = — cos $ sin cv j sin $ sin uj ^ cos d cos w -{- -f (23) 

therefore 

Jbir = c stn a = r [cos d ^ -J sin ] sin 0Ü j- cos o cos w -^ -j- • 

Applying to equation (21) this value and the one obtained for 
F from equation (22), we get after a few reductions : 

P P = ? gj— + r (sin $ -{- -J- cos $]cos CO -^ -Y sin $ sin w. (24) 

The abscissa P of the point of suspension J may be calculated 
by this equation for any position of the link, and thus for any value 
pf Uf and for any angular movement ©. 
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For 0)-= follows the abscissa : 



Z = 



- IT / . C \ 

-y— -(- r ( «I» 5 -(- y- CO« 5 J. 



For 6) = 180*^, however, the abscissa is 

I = — ö~7 r [sin B -\- -f COS ^\, 

The arithmetical mean of the two values gives the abscissa X 
= oj, which corresponds to the central position of the point J, and 
follows : 

^^I_t+Jt. (25) 

But this simple equation gives at the same time the abseissa of 
tJie upper suspending point E for the corresponding position of the 
link. 

The ordinate X E = y of the suspending point E is next, if the 
length of the lifting-link J E is called I2 : 

XE = IE-.IP or 

y = /g — w CO« a. 

But the angle a is so small with correct proportions of the different 
parts of the gear, that we may take without any consideration cos a 
= 1, thus approximately 

y = k-u. (26) 

The two equations (25) and (26) give thus for any value of u the 
correct position of the suspending point E, or the curve in which 
this point has to be moved, if the disadvantageous oscillations of the 
link for all its positions have to be reduced to a minimum. 

If the link is raised so much, that its dead point gives the move- 
ment to the valve, then w = 0, and we get for the co-ordinates of the 
suspending point Eo in this position (Fig. 22) : 

c* 
O Xo = «0 = ^ - 2J and Xo E, = yo = ^2. (27) 

But now I is the length of the eccentric rod and ^^ is the height 
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of the arc of the link ; the difference thus gives at once the abscissa 
of the suspending point E^, corresponding to the dead point, and the 
length L of the lifting-link is simply its ordinate : the point Eo is thus 
found by construction witii the greatest facility. 

Drawing also through E^ the line E^. K parallel to the centre line 
O B of the motion ; taking E^ as the point at which the co-ordinates 
for the curve E E^, Ei commence, and putting the abscissa Eo Q = v, 
the ordinate Q E = 2, so we have EoQ=OXo — OX, or using 
equations (25) and (27) 

*■= 2^/' 

And as also 

QE = z = QX-EX = t-y or 

r = II, 

there follows the required equation of the curve E Eq E^ 

2" = 2 Z r, (28) 

i. e. the curve in which the suspending point E has to be moved, if 
the influence of the vertical osculations of the link upon the move- 
ment of the valve is to be rieduced to a minimum, is a parabola, of 
which the parameter = 2Z, or equal to double the length of the eccen- 
tric rod. The vertex of the parabola is at the point E©, the sus- 
pending point, which corresponds to the dead point of the link ; and 
the axis runs parallel to the centre line O B of the stroke. 

The positions of the two suspending points Ei and E2, which cor- 
respond with the highest and lowest positions of the link, are found 
by substituting for u in equation (25) the greatest values, which we 
will signify by -f Ci and — c^, whence according to Fig. 6, Plate II. 
J K = Ci . (In the link Fig. 7, Plate II., u may even become equal 
to c.) 

We thus get the abscissa belonging to both points 

or if we measure the abscissa upon the axis of the parabola from E^ : 



c« 



E,Q, = OXo-OX, = ^^ 
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The ordinates Q, E, and Qi E^ are = 

As 27 is always a small quantity, and the parameter 2 7 of the 
parabola E, Eo Ej is always very great, the arc of the parabola may be 
replaced by an arc of a circle of the radias I, for the radios of the 
vertex of a parabola is equal to the half parameter. 

We obtain thus the peculiar resiilt : that the suspending point B 
is to he moved in an arc of a circle, the radius of which is equal to the 
length of the eccentric rod, and the centre of which is at the same 
height above the centre line B, as the point Eq. 

In order therefore to obtain the btie position K, for the centre of 
motion of the arm K E, we have to draw above at the distance 

OL = EJ = /athe line E, Eo parallel to O B, to make Ki L = g-^ 

and to describe with the radius Ki E = ? the arc E^ E,, E, ; this arc 
will then be the true curve, in which the point of suspension E of the 
lifting-link E J ought to move. 

Before we compare the above result with those obtained in 
practice, we will examine the second usual way of suspending the 
link, that is, of connecting the link t6 the hfting-link % the lower 
end C, (Fig. 23). 

We start, here with the 
same supposition, as in 
the former case by esa- 
mining here also the hori- 
zontal movement of the 
point Ci for any position 
of the link, and thus set- 
ting up a general for- 
mula for its abscissa F. 

According to Fig. 23 
this is: 

OP = Or-FP. 




O F is known according from equati< 
seen from the Figure : 

F P = 2 c «n 



1 (22) and F P is, as will be 
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or naing the value of nn a obtained from equation (23), 

F P = 2 r feos ^ — y «n 5 J «« cw — 2 -j- «m 5 cot » -f- 2 ^• 
Thns follows after substitutioii and sufficient redaction : 

OP = Z - -^^ + r [«n (5 -a;) + -^ cot (5 « »)]. (29) 

The abscissa O P of the lower end Ci of the link may therefore 
be calculated through this equation for any position of the link, 
«. e. for any value of u and for any angular movement c». 

For ö> = the value of the abscissa is 



'- 2 



» f r . » c -+- « ^T 

y^ -(- r Inn 8 + — ^ — cot 1 1. 

For <o = 180*^ the abscissa is : 



The arithmetical mean of these two quantities gives the abscissa 
O X = aj, which corresponds with the eerUral position of the point 
Ci ; this is : « 

OX = a: = i-^^-t^. (30) 

But this is at the same time the abscissa of the tipper suspending 

point E, for the lifting-link E Ci has to hang vertically, if Ci passes 

through its centre of oscillation. The corresponding ordinate y is 

then 

XE = y = EOi -CiP or 

y = Zg — (c -(- I«) cot a. 

But as a nearly always represents a very small value, we may 
again put approximately cos a = l and get then : 

y = k-(c + uy (31) 

The combination of the two equations (30) and (31) gives at once 
by eliminating (c-^-u) the equation of the curve EEoEj, through 
which the suspe ding point *is to be moved, when this method of 
suspending the link is adopted. We get : 

(Z,-y)«=2Z(Z-a?). (32) 
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and this again is the equation of a parabola, the parameter of which 
is also 2 Z, but the vertex of which measured from O has Xi = Z as 
abscissa and 4 as ordinate. It is therefore again very easy to find it 
by construction. 

K the link can be raised so high, that the point Ci coincides with 
the centre line of the motion, then ^ = — c, and the equations (30) 
and (31) then give the co-ordinates of the suspending point Ei 

O Xi = Z and Xi El = Zg, 

i.e. the co-ordinates of the vertex of the parabola. The highest 
position El of the suspending point corresponds therefore in this 
second method of suspending the link with the vertex of the parabola, 
and the curve in which the suspending point E has to move forms 
only one branch of the parabola, while in the first method of sus- 
pending the link the point E has to be moved through both branches. 
Measuring also here the co-ordinates of the point E from the vertex 
El, and calling the abscissa Ei Q = v, the ordinate Q E = a, the 
equation (32) may be written in the following manner : 

2« = 2 Z t?, (33) 

for V is equal to Z — «, and z equal to Za — y. 

Taking also here c^ and — Ci as the greatest values of u, we get 
the co-ordinates of the suspending point measured from Ei : 

U — Ci)^ 

for the highest position of the link : Va = ^ — o 7 



Z2 = c — Ci 



c" 



for the dead point : Vq =^jl Zq = c, 

(ö + CiY 
for the lowest position of the link : Vi = ^^ — >> 7 ; 2?i = + ^i» 

The total horizontal motion of the suspending point E is thus 

2 cc 
equal to t;i — 'i;2 = '~t~\ if the link is moved from the highest to the 

lowest position. 

We may also here substitute for the arc of the parabola Ei E an 
are of a circle, the radius of which is equal to the half parameter or 
equal to the length of the eccentric rod, but the centre of which Ki lies 
at the same height above the centre line of the motion as that position 
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of the suspending point Ei, which corresponds with the highest, and 
not with the central position of the link. The true centre Kj lies in 
this case exactly above the centre of the axle (Fig. 23). 

Comparing the result of the above-given theoretical investigation, 
viz. that the upper suspending point of the lifting arm has to be 
moved always in a circular arc, the radius of which is equal to the 
length of the eccentric rod, with the proportions adopted in prac- 
tice, we find that this radius is generally much smaller (K E in Fig. 
5, Plate II.). It is therefore easy to explain that in some locomotive 
link-motions the link in certain positions moves up and down in such 
manner, that for these no regular movement of the valve and distri- 
bution of the steam is to be expected. The above rule could be applied 
practically in many cases by moving the suspending point E either 
in a corresponding guide, or by really suspending the link from the 
end of a lever of the length Z, this lever being raised or lowered by 
the bell-crank lever E K F ; but in most cases circumstances prevent 
the radius of the arc from being made so long as the eccentric rod. 
In practice, therefore, there is nothing else to be done, but to shift 
the points Ei, Eq, and Ea parallel to the direction O B of the stroke, 
so far that the radius of the circle which passes through these points 
has the required length ; but it is always desirable to fix previously 
the right position of these points, and to make the lifting arm K E of 
the bell-crank lever E K F (Fig. 5, Plate II.) as long as the circum- 
stances will possibly allow. 

In some engines we find the bell-crank lever below the link ; to 
this case the above investigations are also applicable. 

Von Landsee has lately designed a new and ingenious mode of 
suspending the link, applied first by Beugniot to his new goods loco- 
motive.* We are the more ready to accept the permission of the 
inventor to publish the new construction in this book, as the close 
examinations of a model prove that by von Landsee's mode of suspen- 
sion the vertical motion of the link and the disadvantageous influence 
of this motion upon the distribution of the steam are really reduced 
to a minimum, and because in these trials there will also be found a 

♦ Memoire sur une locomotive de montagne. Systeme E. Beugniot. Oonstruite par 
MM. A. Eöohlin et Co. k MüUiouse.— 5tt//^^tn de la soci€t€ industrielle de Mülhouse. 
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proof of the correctness of the suppositions, upon which we based the 
above-given theory of the suspension of Stephenson's link. 

Von Landsee suspends his Knk in the middle at its dead point. 
Let us suppose for this arrangement, that the vertical motions of the 
link are as insignificant as possible — that the suspension is effected 
by a lifting-link E J (Fig. 22, page 67) as long as possible, and the 
fulcrum of which E is so placed, that the centre of the link swings 
backwards and forwards in an arc, of which the chord is parallel to 
the valve face. In consequence of this statement, it must appear as 
most advantageous, if the extreme case is taken, and if the lifting 
link is considered as infinitely long, i. e. if the centre point, the point 
of suspension of the link, at each of the different positions of the link 
moves backwards and forwards in a straight Une, which remains 
parallel to the valve face. This really takes place in von Landsee's 
arrangement, as is shown in Fig. 24. 



Fig. 24. 




The parallelogram E F FjEi is movable round the points K and Ki ; 
the vertical links E Ej and FFj move on the turning of the horizontal 
arms E F and Ej Fi in a direction parallel to each other, and the 
guide a 6, which is fastened to the vertical link E Ei and is provided 
with a slot parallel to the centre-line O B, will thus always occupy 
positions at which this parallelism remains unaltered. In the slot of 
the piece a h the centre-pin J of the link moves backwards and for- 
wards. The parallelogram, which is provided at Fj with a counter- 
weight, can be moved from the footplate on which the driver stands, 
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in the tamo manner as shovo in Fig. 5, Plate U. ; the shafts maiM 
with K are in bath fi^ne idraitJcaL M B (Fig. 24) repreaeuls tin 
ralTO-rod and N it« guide, the link appears as lowered, and as open 
eccentric rods oro BDpposed, the engine, when the different parta OB 
arrangu«! as shonni in the Fignje, «ill run forwarda^ 



Pradiral ApjiUcation of the Diagram. 

It was stated, in the description of Stephenson's link- motion 
upon page 50, in what innnner the different dimensioiis would be 
signified in the courfic of the investigation, and only with regard to 
the value of « is it necessary to make a few remarks, m expresses ti» 
distance between that point 51 of the link (Fig. 5, Plate IL) which 
gives motion to the valve and the dead-point J. Of course this 
value differs according to the situation of the hand-lever : it has to be 
Biihstituted into the following formula as positive, if M lies above J, 
but SB negative if the link is raised so far tbat the point M lies below 
J. If the link is raised Or lowered to the utmost, then « has tiie 
greatest value, which we call c, ; and it is thus in the link shown in 
Fig. 6, Plate II., J K = J K, ^ c, , where Ci is less than c ; but in llifl 
link Fig, 7, Plate 11., it may be J K = c, = c The lengths J K or 
J K, may now be divided into a number of equal parta, which are 
numbered above and below the dead point J ; and we may say the 
alide-block is in the Ist, 2iid, 3rd . . . grade fore-gear or back-ga»''. 
In i^actice, these grades are not marked upon the link, but upon 
the are Q II (Fig. 5, Plate IL), where each notch corresponds with a 
certain grade. If c, is thus divided into n parts, and if the link ia in 
tho Wi grade, then 



The theoretical investigation gave for the travel of Ihe valve ^ i" 
Stephenson's link-motion : 

£ = r («■« J ± t-=^ «B f^ COT w ± ^ ft« ä nn w, (34) 
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where the upper sign is to be taken for open and the under one for 
crossed rods. 
Putting for 

rl8in$± y— COS $\ = A, 

u 
I r — CO« S = B, 

we may write more simply 

^ = A COS CO -\' 3 sin uj. (35) 

For a certain position of the Knk there is thus in these formulsB u 
a known quantity ; and if the other dimensions are also known, the two 
values of A and B can be calculated. Marking now on the centre-line 

X Xi (Fig. 2, Plate I.) from O the two values OB = OBi=l-A = a, 

drawing the perpendiculars B C and Bi Ci = — B = 6, and describing 

also from C and Ci circles with the radii C O and Ci Oi we get, as the 
theory has shown, the valve circles, which fully explain, as in the 
simple valve-motion, the movements of the valve and the distribution 
of the steam, if we describe also here, as there, from O, with the out- 
aide and inside lap, the circles V V2 and W W2. The upper circle is 
for the forward stroke, the lower one for the backward stroke. As the 
proportions are equal for both strokes, we need examine the upper 
circle only. 

The valve circle thus obtained only gives the distribution of the steam 
for the accepted position of the link, i, e. for the one grade; a special 

circle belongs to each grade, of which the centre co-ordinates -^A 

and — B are to be calculated in the same manner. The designer has 

only to substitute the known dimensions and the corresponding value 
of u into the above equations. 

If the link is raised so far, that its dead point lies above the 
centre line of the motion, the values of u are then substituted as 
negative, and the circles take the position shown in Fig. 4, page 13, 

for -^ B becomes negative, and thereby indicates that the crank 



nore« IB the oppoaite directtoD : the 
The datribaUoB of the ateaa in t 



thus I 



3 tbe oUiera 



I this rase is exactly tl 
iariag tbe Ibnrard stroke, and »e hare therefore only I 
iho htter. Wo need ibvrefore, under all circumstances, 
the upper valnM:ücl« and suppcee the ideal crack to tun 
(F%. 2, Plate L) in the direction of the arruw. 

The manner in which, after the circles are dran-n, the distribation 
of the Bteam can be aacertaioed Irom their points of intexseetion, 
has been stated fully in explaioing Fig. 2, Plate I., ou page äl, and it 
need not therefore be repeated ; it is, moreover, only our duty here to 
»how on certain examples different peculiarities of this liuk-motion. 

We shall chose at first a link-motiou with open eccenirie rods W 
equal anglet of advatvce, and take at once fixed values for '^■■ 



Problem. Let the eccentricity of each eccentric r = 0060° (2-3ffi 
the angles of advance, B = 30" ; the length of the eccentric rods 1= 
1-400" (55-r); and the half-length of the lint c^O-lSO" (5'9"). 
Let also the link have four grades of expansion for the fore-^eur. i 
and four for the back-gear, and let it be capable of being raised or l 
lowered so far, that « becomes equal to c ; and let it be constructed 
as represented in Fig. G, Plate II. 

Let the outside lap be e = 0024°" (-94"), and the inside lap t = 
O-OOT" (-27"). 

Any questions relating either to the various grades of expansioi» 
or to the dead point are to be answered. 

According to the above, the valve-circles for the four gradee of 
expansion are to be first determined, and the co-ordinates of their 
centres for open eccentric rods are to be calculated, as previously 
stated, according to the formnlfe : ^^B 



.= iK" 



')■ 



For the fourth grade of expansion i 
the above formulie, 



-q r sin & and B. C. = 



- c, and then according to 



* S {Fig. 8, PL n.). 
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t. e. the movement of the ralye takes place exactly as if the liuk 
were not there, and as if the forward eccentric only acted upon the 
valve ; for the co-ordinates obtained are the same, as we found for 
the simple valve-motion. 

We thus find, in Fig. 8, Platell., the centre C4 of the valve circle 
for the fourth grade of expansion, if we take 

O B^ = -^ rsinS = -^ . O06 . sin 30° = 0-015» and 
B^C^= -^ r 008 8 = ^ , 0-06 . cm 30° = 0-026», 

or also, if we make the angle Y O C4 = 30<» and O C4 = 7^-^ = O'OS»" 

(1'18"). The corresponding valve circle is marked IV. 

3 
For the third grade of expansion u =z-tc, and substituting this 

value as well as the other known values in the above equations, we 
get the co-ordinates of the valve circle centre C3 : 

OBa = 0-0162" and 6303 = 0-0195». 

2 

For the second grade u=^-^c, therefore the co-ordinates of the 

6^«lve-circle centre C2 are : 

OBj = 0-0171» and BaC« = 0-013» 

For the first grade w = j-c, therefore the corresponding co-ordi- 
tes according to the formulae are : 

OBi = 0-0176» and BiCi = 0-0065». 

Finally, for the dead point u = 0, thus : 

1 / C €08 8\ 

OBo = -2" t- I sin $ + -| — J = 00178» and Bo Co = 0, 

^ e, the centre of the valve circle for the dead point lies at Co or on 

le axis X itself. Valve circles are now to be drawn from the 

^^^ntres Co, Ci, C2, C3, C4 with the radii Co O, Ci 0, C2 O, C3 0, C4 O, 

^^d these have been marked in the Figure for the corresponding 

Shades of expansion 0, 1., 11, III, IV. If we describe from a circle, 

"^^th the radius OV = e = 0'024°' equal to the outside lap, and 



it 



80 



BEVERSIXG-MOnONS. 



another one "with a radius equal to the inside lap O W = f = O'OOT™, 
all questions will be answered by the Figure with great facility. 

Let the crank be at first on the dead point ; thus let the ideal 
crank be in the position O B> and let it be then turned in the direc- 
tion of the arrow through any angle K O Ej = co, then follow accord- 
ing to the known facts the following particulars (Fig. 8, Plate IL) : 





DeMl 
Fbint. 


Grade of Expansion. 




^ 1. j 2. 8. 


4. ^ 


, Travel of the valve 

OpeniTi[]f of the entrance port . . 
Opening of the exhaust port 


OP. 
VP. 

WPo 


0P| 
VP| 
WP, 


OP, 
VP, 
WP, 


OP, 
VP, 
WP, 


OP, 
VP. 
WP, 



The required dimensions are thus obtained for all degrees of 
expansions in full siza Now, according to that which has been 
previously explained, the figure gives also the following dimensions, 
to which we have added the measurements as taken from the figure 
for the present special case, for the figure gives all dimensions 
relating to the travel of the valve — full size. 





Dead Point 


Nnmber of Grades of ExpansioiL 




' 1. 


2. 


8. 


4. 




m 


m 


m 


m 




Outside lead . . 


Y,p, (00115) 


^iPi (00110) 


Y,p^ (OOIOO) 


V,i), (0-0085) 


Vi P^ (0-C 


Inside lead . . 

"W 1. A. 1 ^ \ 


Wii>o (00285) 


Wii?i (00280) 


W,p2 (00270) 


Wii>, (00255) 


WiP^CO-C 


Longest travel ofl 
the valve . . . . / 


Op^ (0-0355) 


Ocj (0-0375) 


Ocj (0-0430) 


Oc, (0-0510) 


Oc4 (0-(l 


Greatest opening of \ 
the entrance port / 


Y,p, (00115) 


fejCj (0-0135) 


6jC, (0-0190) 


6,c, (0-0270) 


64 C4 (00- 


Greatest opening of \ 
the exhaust port / 


W,i>o 


«1^1 


OaC, 


«iC, 


04C4 


Angle w through 
which the crank 






















has passed at thev 





XOcj 


XOc, 


XOc, 


XOC4 


greatest opening 












of ihe porta 













Practical men generalljr attribute special importance to the amount 
of the outside and inside lead, t. e. to the openings of the port for the 
admission and the release of steam when the crank is at the dead 
points. 
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According to the above the dimensions Yijp^, Vipa, &c., give the 
lead for the 4th, 3rd, &c., grade of expansion ; now, either from the 
table above given or from the Fig. 8, Plate 11., it will be seen that 
the lead increases, as the expansion becomes greater, i, e. the nearer 
that point of the link which governs the valve approaches the dead 
point of the link. 

This peculiarity, which only appears in Stephenson's link-motion 
with open rods, is well known in practice, and is very often considered 
to be a fault of Stephenson's link-motion. 

In the present case the; outside lead at the 2nd grade (V1P2) is 
twice as large as that at the 4th grade (V1JP4). The lead for the dead 
point is the largest (Yip^), and this point therefore gives the largest 
opening for the admission of the steam at the commencement of the 
stroke. 

The reason for the variation of the lead is only to be found in the 
quantity 

i — COS $ 

c I 

of the above formula for the abscissa a of the centre of the valve- 
circla The smaller this quantity, i, e. the shorter the link and the 
longer the eccentric rod, the less variable is the lead. 

The largest opening given to the admission port is a matter of 
importance; let it be supposed that the port has a width of 0*034™ 
(1 • 18"), it will be seen then from the fourth line of the above table, 
that the port is fully opened only when the link is quite lowered, thus 
at the 4th grade ; and that the opening becomes always smaller, the 
more the link is raised, until finally, at the dead point the port is 
only opened at the most one-third of its width. 

This narrowing of the ports is a disadvantage, and this is the 
reason why in all link-motions very broacj valves are applied. 

According to the Figure, the release port is only a little narrowed 
at the dead point, at all other grades of expansion it is fully opened 
when the valve is at the extremity of itß stroke. 

But all questions relating to the principal positions of the crank 
for each grade of expansion are also answered by the figure, if we fix 
the points of intersection of each valve-circle with the lap-circles, 

G 




I •IieAlIf MgUU 



riffU-^attd s 



I 



A» wiImiwi« of tl» rttam on the i^ tiwrf ale i^ the piston. It vÜ 
W aeea fim de %ve «iUiiMtt ujränn^ hatha, that tho comprm<m 
mad Ae idene of tlie Mean, ■■ wdl as Ute admiseion of tbe steam on 
&e otkr aide oC the pittan b^jn sooDer, Üie higher the espansiont 
i.e. the ■eenr the diding block is to tbe dead point of the link 

A pecnfitt^ diibtetian of tbe etean takee place at the dead point; 
far the I iwa[i i ■liiw begins hefive the ptston has trarelled half of its 
Mnke, sad al» dwrtly aftemrds tbe release of t}ie stejun begins st 
tbe ri^t-hand aide^ if tbe engine is nmnin^ forwards. Tbe dead 
point of the liah, ibenSore^ produces a distiibntioD so unsuitable, tii^t 
it » wot aUe to effect a morement of the engine. Othei* pecnliariti» 
of the dead point may be easüj- fonnd from tbe Figure bv examimng 
il8 Talre-circlö O. 

The proportion of expansion and compression for any degree of 
r:xi>!(usi<ui, may also be aäcertained by the upper part of Fig. 8> 
Plato IL Let it be snppoeed that the positions a, b, &c., of the piston 
havp been determined with regard to the length of tbe connecting loi 
in the manner previously explained ; not tlierefore, as is done on tie 
plate for want of space, by dropping upon H K perpendiculars from 
iho oliief positions of the crank-pin ; then the required proportioiö 
luay be found very easily. At a tbe admission of tbe steam ceases, 
tJietefore we have H a : H K the proportion of earpaiiffiow. At 6, the 
w«upn>ssiou of the steam begins, because the release of the steam 
«^v*«>s iiere at the left-hand side ; therefore H 6 : H K is the projwr- 
*ÄMi ftf tnmpressiim. The stroke of the piston in the Figure is H K 
m \ »hvimetre (3-937"), and the dimensions H a and Hi give there- 
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bre, expressed in decimetres, at once the required proportions ; the 
i&eastireiiieiits from the figure give for the present special case : 



¥iopartionofex-l 
panäon . . / 

Pioportion ofi 
oompresslon . . / 



Dead Point 



0-16Ö 
0-390 






Number of the Orade of ExparuioDs. 



r 



1. 



2. 



8. 



0-335 
0-580 



0-535 
0-730 



0-690 
0-845 



4. 



0-800 
0-005 



If the length of the connecting-rod is taken into consideration, 
01686 proportions will be slightly different for the forward and back- 
ward strokes of the piston. 

The author has made experiments on a model of the dimensions 
supposed in the example, and the results obtained have completely 
corresponded with those of the diagram. 

Only those values need be given here in millimetres, which have 
been found for the outside lead. 



Forward stroke 
Backwaid stroke 
Hedinm .. .. 



Dead Point. 



Number of the Grade of Expansion. 



1. 



11-5(0-45") 
11-5(0-45") 
11-5(0-45") 



11 0(0-43") 
10-7(0-421") 
10-8 (0-424") 



2. 



9-7(0-38") 
9-5 (0-374") 
9-6(0-377") 



3. 



4. 



^ 



8-2 (0-32") 5-5 (0-211") 
74 (0-29") I 5-7 (0-^24") 
7-8 (0-30"); 5-6 (0-22") 



A comparison with the figures of the upper Table shows almost a com- 
plete coincidence ; the differences are only fractions of a millimetre. 

If we suppose in the above example crossed eccentric rods, the 
centres of the valve-circles for the higher degrees of expansions will 
fall in the same succession upon the left-hand side of the ordinate 
B4C4, as shown in Fig. 10, Plate 11., which has bgen drawn under the 
supposition of the same dimensions, and in which the co-ordinates of 
the centres of the valve-circles have been calculated according to the 
formulae: 

1 /" . ^ c" - «** ^^ 
a = -^ r [8%n — ^ — cos 6 J 

2 

g2 



6 = 



r u 



COB 8 
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for in the general formula (34), page 76, the lower sign is to be taken 
for crossed eccentric rods. 

It will be seen at once from diagram Fig. 10, Plate 11., that the 
fault in this arrangement is contrary to the one committed in that 
previously described, the lead, inside as well as outside, decreasing the 
hiffher the degree of expansion,. According to Fig. 10, we have for the 

4th grade the lead V^i?, = ö-ö"»" (0-216") 
3rd „ „ V,i>s = 3-6»» (0-1417") 

2nd „ „ Vii>.= 1-8-" (0-07") 

1st „ „ Vii), = 0-8»» (0-03") 

Dead point Vii?o = 0-4"" (0-01") 

i.e. the opening of the ports at the dead point takes here place only 
for a moment. This decrease of the lead may become so great, that 
no outside lead at all is given, if the outside lap Vi has been taken 
too large. It will be seen from the upper part of the Figure, which 
shows the chief positions of the piston for the various grades of 
expansion, that the distribution of the steam in the present case is 
greatly diflferent from that in the previous one. The most remark- 
able fact here is, that the position d of the piston is almost the same 
at all grades, i. e. that the pre-admission of the steam almost always 
takes place at the same point of the stroke. 

How, on the other hand, to determine in the case of a hnk- 
motion the different dimensions required to fulfil given conditions 
with regard to the distribution of the steam, need not be examined 
any further here, as the mode of proceeding, according to the abovö 
diagram, does not present any further difficulties. (Compare the 
remarks at the end of the first chapter, page 38, and following.) 

The variation of the lead in Stephenson's link-motion is generally 
considered to have a disadvantageous influence upon the effect of the 
steam, and this is the explaoation of the efforts of practical men to 
invent arrangements of link-motions, in which the lead is constant 
or almost constant for all grades of expansion. We shall examine 
such valve-gears more minutely on a future occasion, and we shftU 
now only describe the alterations which have been introduced into 
Stephenson's link-motion, in order to diminish as much as possible 
the variation of the lead. The method, which has been lately 
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applied yery frequently, is remarkable for iia simplicity, viz. ate 
eocentrics are simplt/ Jüxd with different angles of advance. This 
uraDgement attains its aim almost completely, as our diagram will 
also Bhow at once, i.e. the lead can be made througli it almost 
coDBtant for the fomard motion of the locomotive ; but experience 
ahoifB that this improvement takes place at the expense of the back- 
nud motion, i. e. that the lead for the back gear is made by this 
ammgement so much worse, so much more variable ; this also our 
diagram shows at once. Phillips fiist carried out the calcolation 
regarding the above-named supposition; but he came, through hia 
calculations, only to the conclusion, that in this manner a better expan- 
Jwm mght be diained ; now this is perfectly true, but it is of no great 
importance in practice, as equally good results can be also obtained 
with eqnal angles of advance by a correct choice of the different 
dimeLdons. But the above-stated chief reason for the application of 
different angles of advance is not mentioned at all by Fhillips ; the 
other writers, Weisbach, Zech, and Bedtenbacher, moreover, speak 
(^7 of the more simple case. 

Before beginning these investigations, we must recall to mind 
that the angle of advance is that angle, which the centre lines of the 
eccentrics O D and O Di form with the perpendicular O T dropped 
»pon the centre line O B of the stroke (Fig. 25), -when the crank 
^^ occupies the dead point, oi ia other words the position OB«, if OZ 




^presents the centre line of the cylinder. At first open rods are 
xippoBed, as in Fig. 25. In this case O D is the so-called forward 
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t O B far « cectatn uiek B B 
t O Br. ■* «bcnm m tlie FigonH 
jiM mifm: bat tbcnbr tkew ■« afaeml tke nines, «iuA ««^ 

I iknm^ ife dnd pant, Iks tkn^ tlie 1 
I the gCMtricMy OD of tl« imraid weeirtrie forms 
vertnü Bae U T tfce a^fe £ + ' »d tbe «ventncity O D, ( 
lackvud wnotnc vtk Üä» nrtital tbe «i^Ie £ — a-; the a; 
■draaoe ve tlKtcfae £^vnL But h will be seen at oooe^ tl 
i^T'lT'Tg vt the poaliaa of A» aank aheis in the reciprocal ai 
Btnt of tbe dMci T t pnt« of tbe gear, — and tber^ore in the ä 
meDt of tbe ralre — maäümg at d; bat tbat there is onfy atta 
ahwtiott ta tbe redpnical postMOS of the pislaii and of the valve. 

If «e caD the imaginaiy crank O B, tbe actual one O K' and the 
angle thnx^ which tbe one mnst travel before it reaches the 
jtoatioD of the other (fiar open rods), B O K' = cr, then the dtagratix 
in Fig. 8, Plate IL, whidi has been drawn for Stephenson's link 
tinder tbe sni^iostion of open rods, will also be correct for the presea^ 
caa^ as it relates only to the movemeDt^ of the valvo. But th^ 
distribntion of the steam will be altered and will be different iof 
tbe forward uid backward stroke ; for this reason we hare Pig. 9^ 
Plate II., which gives the diagmm for the backward stroke. Thi^ 
diagram has simply been drawn according to previons theories, by 
drawing downwards, &om the abscissa-axis O E, the oixlinatcs for the 
centres of the valve circles. Betnming to Fig. 8, Plate 11^ and 
taking for eqoal angles of advance tlie crank as being in OR, or in 
its dead point, the openings of the steam-ports at this position of the 
crank for the different degrees have been shown to be V, p„, V,^ 
y,2'i> ^^ SupposiDg now the crank to have turned throngh the 
angle E Ri, then the diagram gives for the different grades the 
openings for the admission of the steam V Po, V P„ V P^ &c. ; 
belonging to the corresponding position of the crank; in the two 
cases, therefore, the openings for the different grades of expansion are 
very different, A close examination of the Figure shows tbat between 
(ho two positions of the crank there is one at which these openings 
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ctt the different grades are least different from each other ; this is 
the position of the crank, which is represented by the line O K», and 
^which passes through the point q^ at which the valve-circle for the 
liighest grade of expansion cuts the valve-circle belonging to the dead 
point. Making therefore the arrangement such, that the crank is on 
its dead point when it occupies the position O E«, the openings of the 
steam-ports for all grades are least different from each other, or in 
other words, the lead is least variable, when the crank in the posUion O Ko 
is on its dead point. The actual crank therefore must follow behind 
the imaginary one as much as the angle R O Rq = o-. According to 
what is known, the diagram Fig. 8, Plate IL, gives now the follow- 
ing values, which however, for the more correct measurement, have 
been obtained from a drawing executed to a larger scale. \ 

L Lead with equal angles of advance, ' 
daring forward and backward stroke : 

Fig. 8, Plate H. 
4ih grade of expansion Vi p^ = 5 • 5"" (0 • 216") 
3rd „ ' „ Vii?3= 8.5»» (0-337") 

2nd „ „ Vii?a= 10-0»» (0-393") 

1st „ „ V|i>»= 11-0»» (0-43") 

Dead point .. .. V^po = H'ö»» (0-45") 

n. Lead with vm^equal angles of advance, 
and thus under the supposition that the actual crank follows behind 
the imaginary crank as much as the angle R O Rq. 

Forward Motion. Backward Motion. 

Fig. 8, Plate II. Fig. 9, Plate H. 

4th grade of expansion Vo 54 = 11- 3 ""(0-44") Vo54= 

3rd „ „ Vo3a= 12-3»» (0-483") N,q^= 3-7»» (0-143") 

2nd „ „ Vo3«= 12-7»» (0-497") Vo3a= 7-0»» (0-26") 

Ißt „ „ Vo3i = 12-3»»(0-483") Vo3i= 9-5»» (0-36") 

Dead point .. .. V« go = 11*3»» (0-44") Vo^o = ll-4""(0-44") 

Hence follows, that the lead with equal angles of advance increases 
from the fourth grade to the dead point, and that as much as 6"™ 
(0-24") ; but if the crank is turned further back, as much as the angle 
B Rq = 0-, the lead remains almost constant for the forward stroke ; 
it is equal and also smallest for the dead point and the last grade. 
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but largoHt at tlio socond grade; but the entire difference amonnts 
only to I '4"*"* (0*05). (It need not appear here as remarkable, that 
tbr^ load above stated is larger than is usual in practice ; but in ord« 
to fardlitttto comparisons, we did not like to alter anything in our 
provions Htatmncnits. Properly, the outside lap ought to have been 
taken a litth^ larger with the altered position of the crank.) 

Jt will be soon, therefore, that the designers reach their aim with 
«nrpriwng perfection, of course, only for the forward motion ; but the 
variation« are so much more unfavourable for the backward motion; 
the load decreases hero from the dead point to the fourth grade as 
nuKjli as 11 '4"'"* (()*45"). Sometimes no lead at all will take place 
at tlio lost grades, but the admission of the steam will only begin 
wlu^n tho «Tank is jmd its dead point. But all this is only applicable 
to ()j}on ecM'ontrio rods; it will be a little different for crossed ones, as 
will bo shown later. 

11io angle through which the crank in the case of open eccentric 
rods has to be turned back, has been found until now by experiment- 
ing on models; tho eccentric was turned until it was ascertained 
at which positions of the eccentrics and the crank the leads varied 
least. J hit our diagram gives the corresponding positions instanta- 
neously and with mathematical precision. But before showing, by 
means of an example the way in which the aim is best reached, a few 
remarks may be made respecting the manner in which the distri- 
bution of the steam takes place. Taking again Fig. 8, Plate II., and 
examining, as an example, the distribution of the steam for the second 
grade of expansion, we ilx the points of intersection of the valve- 
circle with the circles described with the laps as radii. Supposing 
equal angles of advance V3 11 gives, as is known, the angle at which 
the crank stands before the dead point, when the pre-admission of the 
steam begins. But with different angles of advance, the angle V3 O B© 
is larger than before by the angle R O Ro = S. The admission of the 
steam, therefore, takes place earlier during the forward motion wüh 
different angles of advance tJian with equal angles of advance. In the 
case of the backward motion it is just the reverse ; in this case we 
have (Fig. 9, Plate H.) 

<^gle V, O Bo smaller than angle Y. O B. 
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The same is the case with regard to the beginniiig of the exhaus- 
tion of the steam, for in (Fig. 8) : 

W3O B, as is known, represents with equal angles of advance 
the angle at which the crank stands before the dead point, when the 
exhaustion of the steam begins in fix>nt. Now, during the forward 
motion and with the altered position of the crank, we have 

W. O B» larger than W, O B , 

but daring the back¥rard motion 

W. O B is smaller thm W. O B (Fig. 9). 

It may therefore be asserted, that the distribution of the steam with 
respect to the beginning of the admission and exhaustion of the steam 
throngh altering the position of the crank, is deteriorated for the for^ 
Mrd motion, and improved for the hackward motion, because a too 
early beginning of the admission and release is found to be unsuitable. 
But this disadvant^e may be much reduced by increasing the outside 
lap by a correct amount. 

Va (Fig. 8) shows the position of the crank at the beginning of 
the expansion. Now as 

angle Y, O B» is smaller than angle Y, O B, 

the expansion will take place earlier during the forward motion with 
different angles of advance. But if the outside lap is also increased, 
AS it ought to have been in the present case, then the expansion can 
begin still earlier. Different angles of advance give thus under equal 
circumstances an earlier cut-off of the steam ; and the expansion will he 
^iMre effectual than with equal angles of advance, as had already been 
proved by Phillips. It has already been stated, that this is no advan- 
tage of any great importance. 

But for the backward motion the reverse again takes place, the 
cut-off of the steam begins the same degree later, because V2 Eq is 
larger than Va O R (Fig. 9). 

Finally, W4 is the position of the crank at the beginning of the 
compression or of the cut-off of the steam behind the piston. According 
to that which has been stated previously, there exist no difficulties in 
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There is to be determined the outside hip and the whole distribu- 
tion of the isteam for the forward motion, if we suppose four grades 
of expansion, but chiefly the correct position of the crank has to be 
ascertained. 

Sclviion. — We suppose next a crank, which bisects the angle 

D O Di (Fig. 26). With regard to 

this crank, angle : 

151 1 
Y O D = 5 = 90 2~ = 1H°- 

We next calculate the co-ordi- 
nates of the centre of the valve- 
circle for the last grade of expan- 
sion, by substituting into the known formulae for open rods : 

« = 2" ^ = 2 *■ V*'" ^ + c Z~ ''^* ^) 

1 ^ 1 ru 

^ = 2 ^ = 2" ~r ''''^ ^ 

the given values, also c^ for u and 14;^° for 8, and then get : 

a = 0-0102'- (0-4") 
h = 0-0207» (0-79"). 

Now calculate the position of the centre of the valve-circle for 
the dead point, by putting in the above formute for u, whence 



a« = 0-0120 



K = 0. 



Make now in Fig. 11, Plate III.: OB4 = a = 00102, 6404 = 6 
= 0-0207, and Bo = a« = 0-0120; describe from O4 and Bo the 
two valve-circles ; these cross each other at Q. Draw now Q, and 
the angle QOX=RoOK = (7 = 5^ is that] angle, at which in the 
present valve-gear the actual crank must follow the imaginary one. 
Drawing thus in Fig. 26, the line O Rq so that it forms with R the 
angle a- = 5^ then RoOD = <pi^90 + B+<r = 109^« is that angle, 
which the crank must form with the centre line of the forward 
eccentric, and RoODi = 92 = 90 + 8 — <r = 99^° that angle which 
it must form with the backward eccentric« 
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As the crank has to pass through the dead point, when it arrives 

in the direction of the line X, the angle of advance of the forward 

eccentric will be thus 

^, = ^, - 90 = 19i^ 

and of the backward eccentric 

J, = (p, - 90 = 9i^ 

The principal part of the problem is thus abeady solved, and that 
in such a simple manner as could scarcely be expected if we consider 
the movement of the link, which has always been supposed to be very 
complicated. The angle a could also have been obtained through 
calculation ; and as the result of this calculation is extremely simple, 
it may also be here given. 

The formula for the movement of the valve with open rods is 

/ c* — tt* \ ur 
J = r f «in ^ + » — co% ^ \ COB ui •\- co» I sin w. 

But in Fig. 11, Plate III., O Q is nothing else but the movement 
of the valve corresponding to the angular movement a : if we, there- 
fore, substitute a for to and at the same time for the last grade c^ for 
w, and for the dead point for w, then follows in one case 

O Q = r ( «in ^ + T-^ cos^\ cos (r '\- -^ — cos $ sin er, 

and in the other case 

OQ = r I sin $ + — j cos $j cos a-. 

Putting both expressions for OQ as equal, we get after a few 
reductions : 

tang, c = -j- * 

This simple expression shows that the angle at which the actual 
crank has to follow the imaginary one depends only upon c^ and ih 
length I of the eccentric rod. The smaller c^ and the larger I, the less 
the position of the crank has to be altered, and the more the values 
of the two diflFerent angles of advance approach e«tch other. It thus 
happens that equal angles of advance are still used in many link- 
motions ; as in these gears Ci is so small and I so large, that the 
changing of the position of the crank is not required, as even with 



STEPHENSON^ LINK-MOTION— APPLICATION. 93 

equal angles of advance the lead varies only very little. This is, for 
example, the case with the locomotive of the North-east Eailway of 
Switzerland, from which the dimensions of the preceding example 
have been taken ; the outside lap only has been taken different, as the 
example was for different angles of advance, whilst in this locomotive 
equal angles of advance were used. It has been proved above that 
the distribution of the steam is not improved by altering the position 
of the crank, and it would therefore be better in the construction of 
valve-gears, to make ei as small as possible and to use long eccentric 
rods, for the lead will be thus less variable» If the engine does not 
allow of the use of long eccentric rods, the application of different 
angles of advance will then always be an excellent way for improving 
the inequality of the lead ; of course, at the expense of correctness 
during the backward motion of the engine. K we put, moreover, in 

the formula tangi. ö- = y the values of Ci and Z, we get 

(T = 5« 8', 

the same value as given by the diagram. But the formula has the 
great advantage, that a- may be already determined when nothing else 
is known of a link-motion, but the length of the eccentric rods and the 
distance of the guide-point from the dead point for the last degree of 
expansion. The formula gives also at the same time a more simple 
way of determining the angle, than the one above given. Construct 
a rectangular triangle with the sides Ci and I, when the angle opposite 
to the side c, is the required one. 

Calculation and construction show also another peculiarity when 
the position of the crank is altered in the manner stated, and which 
may be only briefly mentioned here. If there are given an even 
number of grades of expansion or, including the dead point, an uneven 
number, the point of intersection of two valve-circles, which are 
equally remote from the dead point and the farthest grade, will 
always fall for the forward motion on the line O Rq (Fig. 8, Plate II.) ; 
thus, as an example, in the case of six grades of expansion, the lead is 
equal for the dead point and the sixth grade. Also that for the first 
and fifth ; it is next largest (but only with open rods) for the second 
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Ab the cnuilc has to [Mas tbrough the dead point, when it arates 
ill tb« direntioii of the liuß Ü X, thß angle of advance of the Ibrvaid 
encentric will be thus 

a. = f , - 90 = 19i', 

and of the backward occentric 

S, = ^, - 90 = 9i'. 

The principal part of the problem is thus already solved, and that 
in such a simple manner aa could scarcely be expected if we eonader 
the movement of the link, which baa always been supposed to be Toy 
complicat«d. The angle a- could also have been obtained througli 
calculation ; and as the result of this calculation is extremely simple, 
it may also be here given. 

The formula for the movement of the valve with open rods is 

S = r(nnS+ "^^ cm Sj cog w + -J- cos S sin uj. 

But in Fig, H, Plate m., Q is nothing else but the movement 
of the valve corresponding to the angular movement a : if we, tlieM- 
fore, substitute o- for tu and at the same time for the last grade e^ for 
«, and for the dead point for w, then follows in one case 

O Q = r (»;» i + ^^^ cos j) cos^+^-^co,S s> 
and in the other case 

0Q= r rsmJ+-^ «w j) cos o-. 

Putting both expressions for Q as equal, we get after a fe^ 
reductions : 

lang, r = j- ■ 

This simple expression shows that the angle at which the actual 
crank has to follow the imaginary one depends only upon Ci and the 
length I of the eccentric rod. The smaller Cj and the larger I, the less 
the position of the crank has to be altered, and the more the values 
of the two different angles of advance approach each other. It thus 
happens that equal angles of advance are still used in many link- 
motions; as in these gears ö, ia eo small and I so large, that the 
changing of the position of the crajik is not required, as even with 
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shown in Fig. 9, Plate 11., and the crank is supposed to be turned in 
the reverse direction to O R, thus in the direction of the arrows. It 
is not to be forgotten that Eo represents the position of the crank 
at its dead point, and that all angles must be measured from that 
position ; whilst with equal angles of advance we have to start from 
the position O R. 

Besides this, there is nothing new to be added. 
We have expressly supposed in the above example, that the centre- 
line of the cylinder coin- 
cides with the direction of ^^' '^' 
the valve-fece ; but if that is 
not the case, and if, more- 
over, the two directions O Z 
and O Y (Fig. 27) form an 
angle X O Z = a, we have 
to proceed as follows : 

Construct the diagram for equal angles of advance, and draw, as 
in Fig. 27, the two eccentricities D and O J)^ so that they form 
with the line Y, which is vertical to the direction of the valve-face, 
equal angles S. The position of the eccentricities is thus obtained 
at the moment in which the crank passes through the dead point, or 
occupies the position O R, supposing that we had to construct a valve- 
motion with equal angles of advance. 

If we intend, however, to employ diBferent angles of advance, in 
order to obtain a lead as constant as possible, the crank is then put 
hmh towards O Rq as much as the angle a-, an angle shown to be 
required by the diagram or by calculation. 

It thus follows that the angle which the crank forms with the 
eccentricity of the forward eccentric is : 

Ro O D = (pi = 90 -f ^ - a + ff , 

and the angle, which the crank forms with the eccentricity of the 
backward eccentric, is : 

RoODj = ^8= 90 + ^ + a— (T, 



as will be seen from Fig. 27 without any further explanations. 



As, tit» cmuk litiH lo pass through the dead poiot, wheu it arrires 
in th« direction of tbo line X, the angle of advance of the ibrward 
«icccntrit! will be tlios 

i, = ^, - 90 = 191°, 

and uf tlie backward ecceatric 

J, = f. - 90 = 9i'. 

Tho principal part of the problem is thus already solved, and that 
in such a simple manner as could scarcely be expected if we eoneidffi ' 
the movement of the link, which has always been supposed to be yery 
complicated. The angle »r could also have been obtained through 
calculation ; and as the result of this calculation is extremely BimpH 
it may also be here given. 

The formula for the movement of the valve with open rods is 



-cos S 



)«.".- 



cot S 8\ 



But in Fig. 11, Plate III-, O Q is nothing else bat the move 
of the valve con^esponding to the angular movement «r : if we, tl 
fore, substitute a for o» and at the same time for the last grade e, 
It, and for the dead point for u, then follows in one case 

O Q = r (sin S -i- ~ — v- ^ cos Sj cos a- + -^— cos S sin i 
and in the other case 

OQ = r (sin S+-f^ cos s') cos ^. 

Putting both expressions for Q as equal, we get after a fe* 
reductions : 






( ■ 



This simple expression shows that the angle at which the actual 
crank has to follow the imaginary one depends only upon o, and ihfi 
length I of the eccentric rod. The smaller Cj and the larger I, the lea» 
the position of the crank has to be altered, and the more the values 
ot the two different angles of advance approach each other. It thus 
happens that equal angles of advance are still used in many link- 
motions ; as in these gears o, is so small and I so large, that the 
changing of the position of the crank is not required, as even with 
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equal angles of adyance the lead yaries only very little. This is, for 

example, the case with the locomotive of the North-east Eailway of 

Switzerland, from which the dimensions of the preceding example 

\me been taken ; the outside lap only has been taken diflferent, as the 

example was for different angles of advance, whilst in this locomotive 

equal angles of advance were used. It has been proved above that 

L ihe distribution of the steam is not improved by altering the position 

■ rf the crank, and it would therefore be better in the construction of 

^Ve-gears, to make ei as small as possible and to use long eccentric 

wds, for the lead will be thus less variable» If the engine does not 

allow of the use of long eccentric rods, the application of different 

angles of advance will then always be an excellent way for improving 

the inequality of the lead ; of course, at the expense of correctness 

during the backward motion of the engine. K we put, moreover, in 

the formula tariff, o" = y the values of Cj and Z, we get 

(T = 5» 8', 

the same value as given by the diagram. But the formula has the 
great advantage, that a- may be already determined when nothing else 
is known of a link-motion, but the length of the eccentric rods and the 
distance of the guide-point from the dead point for the last degree of 
expansion. The formula gives also at the same time a more simple 
^ay of determining the angle, than the one above given. Construct 
»rectangular triangle with the sides Cj and Z, when the angle opposite 
to the side e^ is the required one. 

Calculation and construction show also another peculiarity when 
the position of the crank is altered in the manner stated, and which 
öay be only briefly mentioned here. If there are given an even 
number of grades of expansion or, including the dead point, an uneven 
number, the point of intersection of two valve-circles, which are 
equally remote from the dead point and the farthest grade, will 
always fall for the forward motion on the line O Rq (Fig. 8, Plate II.) ; 
Aus, as an example, in the case of six grades of expansion, the lead is 
equal for the dead point and the sixth grade. Also that for the first 
and fifth ; it is next largest (but only with open rods) for the second 
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» Art «lis «f motMBB iri& 

ttftfao. 
■ DudDtHe 

kCC> 13k unk H tin 
Ka.(Mt hs annex 

A J, the dead point, i( 
K fiik ^äc^ «^i? «■ dw fixed ptnt L. Tbe point J 

a an me I mI w mA ^id fan i d s at e»di reTolntioD of ] 
Ae axle ; hUL as the rafias of äöa an is alwara Tcxy Ui^e, we may 
m^ifwae, vithont ccaomtttiag a great enor, that the poiiit J oedUates 
in the direetk» of the Etioke. 

The ididiiig-f)lock E, fsftened to the radios-rod B, K, can more ap 
and dfjwn in tlu: slot of the link, whilst the oth^ end B, is coimecte<> 
wKb Dili valvc-fijiindle, bo that this point B, mov^ in the direction c' 
tho jnoTcment of tho valve. The raieing or lowering of the radio»^ 
rod Ef eflfected by the lifting-arm S T, which is again carried by a belt" 
eraiik lover, which ie moved by the driver by a band-lever, in th^ 
wtma nianiier an described in the case of Stephenson's link-motion- 
Fig». 28 and 2Ü represent the different parts of the valve-gear by 
Uliei only ; llio former is for o^wre, the latter for erossed rods. In the 
fullowioR we wlKnify tho different parts in the same manner as pre- 
vioiwly ; 0JJ = (>1), ss r aro the eccentricities, which here astray* 



GOOCH^ LINK-MOTrON— THEORY. 99 

m vith the normal line O Y the eqnsl angles of advance Y Do = 
OD'o = S; the length of the eccentric rods DC =DiCi ia ^ain /; 
I length of the radius-rod K B, = i, ; the length of the valTe-spindle, 
«enred as far as the centre of the valve Bj B = J^ ; the half-length 
the link J C = J C, = c and the variable distance of the sliding» 
■A from the dead point J K ^ u. 




Theory of the Link-moHon hy Goock. 
a. Determination of the Travel of the Yalve. 
The thin lines in Figures 28 and 29 represent the positions of, the 
ferent parts of the arrangement, when the crank stands at the one 
id point, say in the direction Z ; if the crank is now turned from 
B position through the angle a/, the different parts will then arrive 
the positions represented by the thick lines. 

H 2 
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Now the problem is to determine the distance f of the valve 
from its centre of motion for this angle (o and for any position of the 
sliding-block K or any value u. 

We shall again suppose that at first open eccentric rods are used 
(Fig. 28), and to begin with, shall consider the link C Cj to be straight, 

The angle a, which the chord of the link forms with a line vertical 
to the centre line of motion for any angular movement, has already 
been determined on page 61, equation (12), under the supposition 
that the dead point J of the link oscillates in the centre line of 
motion, as it is here the case. We get : 

stw a = — COS 8 sin oj r **« $ sin m 

c I 

+ -^jj [co^ (^ — Cü) — CO«* ($ -f Cü)]. 

If wo drop from the point C upon the centre line of motion the 
perpendicular C F, then is 

OF = ON-f NF = ON-f VDC»--(CF~^DN)« , 
or according to the above significations : 

m 

O F = r «n ( J + w) -f VP — [ccosa'-rcos(d+ a;)]*. 

K we transform the expression under the root into a progression, 
neglect the quantities which have P in the denominator and put 
COS a=: 1, — for a has always a very small value, — then follows : 

O F = r wn (^ -f w) + Z — -g-^ 



r c cos {8 -^ cü) r* cot^ {S -|- w) /ocy-^ 



Now, the distance of the centre B of the valve from the centre C 
of the axle is 

OB = OM + MBi-fBB, or 

OB = OF-M'F-MM' + MBi + BB,. 

O F is known according to equation (36), and further 

M' F = (c — tt) sin a; 
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where wn a is given according to equation (12). M M? = K Kj or 
when the radius' of the link =r p : 

MM' = ^-/ 



2p 2p' 
MB, = VB,K*-KM'= VZ.'-tt'iZ, -2^; 

for li is always large in proportion to u. 

Finally B Bj = Za ^^^9 therefore, after substitution and sufficient 
reduction : 

OB = r r«tn^ + -|-co«^j cos m + f co« ^ — y »in i\ «11 



ein (xi 






— jyi [(c + m) CO«* (J + a;) + (c — tt) co«» ($ - w)]. (37) 

The valve has now to move symmetrically backwards and forwards 
on both sides of a point X, the distance of which from we have 
Jiext to determine ; it is also here supposed tliat the valve-motion is 
adjusted to give equal lead. 

If the crank stands at the one dead point, then © = 0, and 
the distance of the centre of the valve from the centre of the axle 
will be : 

O Bg = r (ain $ + -j cos $j + 1 + li + l^ ^ -gl — 



2 



P 



u* «-* r* 

+ 27 " ¥zr ■" 2T '^*' ^• 



For the second dead point, or for © = 180° we get : 

/ C \ 0*0* 

O Bg = — r ( «iw 5 4- Y CO« J j -I- Z -I- Zj + Zg — öT ~ W~ 

u* tt* r* 

The arithmetical mean of the two values gives the distance of the 
centre of motion X from the centre of the axle. 

OX = l + l, + l,--~co^S--^(l + p)+ 2yj- (p - h). (38) 
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But the centre of motion has to remain unaltered for all 
grades of expansion, i.e. for each value of u; that will, however, 
according to equation (38) only be the case when the last quantity 
which contains u is nil. This condition can and must be fulfilled 
in this valve-gear, for ijb is only necessary to make 

p = h 

i.e. the link of Oooch's link-motion is always to he curved to an are, the 
radivs of which is equal to the length li of the radius rod. 
Next equation (38) gives 

OX = l + l,-hk 21 277: ^^ + ^^)- ^^^) 

Finally, the movement of the valve from its central position or 
the movement f for the angular movement w and for the grade of 
expansion u 

J = OB- OX; 

or using equations (37) and (39), under the supposition that l^ = />, 
and after a few reductions : 



8tn CÜ 



{HL^) ^ = r (sin 8 -{- -j cos $j cos w + ( co« ^ — y wn $j si 

*** / • w . \ 

+ -nj I COS 2 $ sin u} + — sin 2 $ cos uj] sin a;. 

K we suppose, however, crossed rods (Fig. 29), it is only necessary 
to put in the above formula e as negative, and we get at once for 
this case : 

(IIP) J = r (sin $ - jcos $Jcosuj -- ~ (cos $ + ^ sin A sin vu 

+ -HT (^^^ 2 $ sin (o -^ -- sin 2 d COS wj sin w. 

As Z is always large in proportion to r, and, moreover, in both 
formul8B the third quantity, " the missing quantity," in consequence 
of the supposed manner of the adjusting of the valve, is greatest at 
those points where it influences the distribution of the steam least, 
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this qoantity may be neglected in both cases, and we get the move- 
ment of the valve for open and crossed eccentric rods : 



(40) 
(41) 

g = A C(w lu ± B «n I«. (42) 

The law of the movement of the valve is therefore again the 
known one. 

6. On the Curve of Centrea. 
As we have found for the movement of tlie valve in Gooch's 
link-motion an equation of the same form as for the link-motion bj 
Stephenson, we may also here consider the movements of the valve 
for a certain position of the link as chorda of a circle, the co-ordinates 
of the centre of which are (Fig. 30) : 



(in) £ = r(«»3±|««ä)««a 


^-~i' 


Sulffltituting again for: 




,(.-.j±|<. 


„.) = A 


~(-'^i 


n» j) - ] 


len we have simply : 





0B = 



BO. 






and 



There is thus in this case also a 
ralve-cirele corresponding to each grade 
of expansion, i,e. for each value of u 
which is to be used. 

The centres of all these circles will 
be again situated in a curve, the carve 
of centres, the law of which is to be 
determined. 

In Stephenson's valve-motion this 
carve was a parabola, bat the matter is 
shnpler at the present motion; for as 
the formula for tlie abscissa a does not 
contain the '^ue u, it follows that the centres of all the valve-circles 
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Imvo tliA .^me ahw»i*wft, and are rhua iitiiated in a perpoidiciilar to 
fhfi ofmtm line (\f motion B ; the '* cnrve" of coitres is thus a 
line BC, ( n'l«^. :^0), whii^li i« normal t43 the centre-Une of motiDn, ami 
r|if4tÄnt fmin the '»entm of the axle tor open eccentric rods as nmch as 

Knt for (*Y69fvid re Ah ah much ah 



V ( jW» i — , CO« ^ ) (4:4: 



We fonnrl r»n pajj^e ^>6 the same expressions for Stepheoami's 
m<>tion» Knt thr-y repreaent there the distance from the centre ©f t 
Ä-xle of fhe vftrtirre« of thr)(V; parabrilas, which form the cnrveof 





The c\<mf\ relation ^)fJtwfJen (irxjaWs link-motion and that by St^he- 
f^iti follc^w-t fi\i^> from the cr>mpftrfaon of the "muasing quantities'' 
the two motion«; thi« qnantity is in both constmctioiis : 

^ 7 ( /'^/« 2 ^ $in CO ± '■■ ti n 2 ^ CM 07 j jis cu ; 

The r^refirk« whiefi {»avfj >>een marie preTiondy with lefi^ence to 
ffftMd'dy fire al^r (uyrren't for the present Talye-motion, and it is ther 
f/jte riR/»h'Wi t^> re|»^;at tfiom here. 

r. On tlwi Hii«p<!Tmion of tbo Link and of the Badins-rod. 

There nre in HihhiWh link-motion, as abeady mentioned» two sos — -^J 
ppmUrth linkn : the one L J (Fig. 81) carries the link and moves at Li 
tiiwul n i\%iu\ pin, whÜHt itH lower end is connected with the link. 
The Iftiter point of (umnoction is in practice generally fixed behin( 
the eiirve toward« tlu^ axlo. But experiments with a model have^^^ 
fthown f hrtt thnro uro thus producod irregularities in the movement of:^"^* 
the lltih, In ronmupienc-o of which the slide-block K during the move-=*^ 
tnettt f^hifim np and down in tlio slot of the link, but that these ii 
l^tilftrltlnw are vory much reduced if the point of suspension of the 
Ih lUnd nnnri^r to tho oontro J of the chord. 

It if< very dillloult to prove the correctness of this observation 
A nmlhematloal way; but it may be concluded from the above 
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tetical iuvestigatioiiB. We havQ there always Bupposed, that the 
centre J of the chord of the liuk moves backwards and forwards on 




tiie centre-line of motion, aad under this sappOBition hare found, that 
tlie end point B, of the radius-rod Bi K then moves symmetrically back- 
wards and forwards to both sides of a point in such a manner that it 
is suited to govern a steam-valve. Thus would follow, that it must be 
a condition in practice that the centre of the chord should move as 
eseÜj as possible in the straight line OB. This condition is fulfilled 
if tbe link is suspended at this point J. 

The next thing is now to ascertain the abscissa of the fixed point 
1>; of coarse, the ordinate is the length of the suspension rod itself, 
uid for this the only rule we have is, to make it as long as possible. 

We may use, for determining the abscissa of L, equations already 
giren. 

Equation (25), page 69, gives the abscissa of the centre of the 
chord for that moment, when it passes through the centre of its arc 
of oscillatiou or thiongh its centre of motion, and the equation is 
thug; 

x-i- 21 . 

nbere it was snppoeed that the link was lowered as much as u. The 
^Qratdon in tbe present case is tbe same, only here the link remains 
äxija so placed, that the point J moves backwards and forwards 



mmglj 



«= I- 



ii* 



we have thus w = 0, 
is, therefore, more 



{«) 



Kow aa &e anpennoB rod has fa> be in a vertical position, when 1 
the point J panes Aioo^ ita centre of oadUatioD, the above formen 
gtvea o/u tke o Amtm * vf tka foiml ^ aaafwrnno» L, measnied on the 
centre line or motion from the centre O of the axle ; it is thus odI; 
requisite to sntetnct ämpbf the Tecaed sine of the arc of the link 
from the length of the eccentric rods. 

The leamd sospenäon rod £T flames the radios rod. As the 
latter has to be raiaed or knreied, the point <d eospension E mnat be 
movable. The qoestion ia now, in what carre thiä movemeut most 
take place, bo that the slidiDg-Liock K may alter its position in tie 
link as little as possible; h is therefore the problem, to arnti^ 
the suspension in such a manner, that the vertical moTement of Üie 
point T is a minimum. As T is snpposed to move in an arc o£ 
the radius E T, this vertical movement will be very small, when E T 
is large and the chord is parallel to the centre line of motion OB» 
it is unnecessary to say much here on the first condition, and wo 
ahull tberoforo at once consider the second one. For that purpose w3 
determine next the horizontal movement of the point T for any giad» 
u ; tha^ the variable abscissa Q is : 

0Q = OB-BB,-B.Q. 

But B is known according to eqnation (37), page 101. Neglect- 

iii({ tlioii tlio last quantity, which contains the very small factor t—j, 

Mid Bubstitutiiig also, as required, li for p, there follows : 

B - r (tin S + Y CO» J ") cos cu + ^ ( coa ä - I sin s') sin c, 
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Next we have BBi = Zg and BiQ= V BiT^-QT^; putting 
also Bi T = Zo aiid, as previously, approximately K M = t^, then is : 

h 
Q T = y- M, thus 



Bi Q = \/ C — ~jf «~ > 
or approximately, for li is always very large in proportion to w, 

We get thus : 

m ^ + y CO« ^ j CO« to + f CO« ^ — -J sin ^\ sin w 

A.J^J 7 -1. ^°'*" - ^ (^ + ^i) 
-♦- « -t- *i - *• -t- -27T 2 Z Zi • 

Substituting in this equation in the first place for m, and in the 
second place 180 for w, and taking the mean x of the two values 
obtained, we get : 

and this is the abscissa of the point of sus^pension E for the correspond- 
ing position of the radius rod. 

K Z3 is the length of the suspension rod, the ordinate is approxi- 
mately : 

. y^l. + \u. (47) 

If the sliding-block is at the dead point of the link, then t^ = 0, 
and, therefore, the co-ordinates for this position : 

OQo = Z + Zi - Zo - "^ 2zV'^ "^^ ^^' " ^' ^^^^ 

The point Eo is thus found by a simple calculation. If the radius 
i-od occupies the highest or lowest position, then t^ = + or — c, for 
the sliding-block K of valve-gears of the present construction can 
always be shifted into positions which coincide with the centre lines 
of the eccentric rods, thus to C and Cp Substituting these values of 
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u in the equations (46) and. (47), we get next for the two extreme 
positions Ei and E2 of the point of suspension the abscissa : 

OQ, = l + h-k- ^^ + ^ . (49) 

the ordinates, however, are : 

Qi E, = /a + f^ c and Q,^, = k - j- c. 

The point of suspension has thus to be moved in an arc, which 
passes through these three points EiE^Ea. But the combination 
of the two equations (46) and (47) gives again the peculiar result, 
that the curve which passes through the above points is a parabola^ 
the parameter of which is = 2li or equal to doMe the length of the 
radius rod. As now li is always very large, the short part of the 
parabola, which lies near the vertex, may be replaced by an arc of 
the radius Zi, i. e, equal to the length of the radius rod. 

This radius is taken much smaller in practice, and after the 
positions E1E0E2 are marked according to the co-ordinates above 
calculated, these points are thus moved so far parallel to the centre 
line of motion, that the arc, passing through them, has the desired 
radius. But according to the preceding theory, the irregularities in 
the movement of the point K will increase, the smaller this radius is 
made. 

The preceding theory of the suspension of the link is, moreover, 
right for open eccentric rods as well as for crossed ones. 



Practical Application of the Diagram. 

We may refer in the following to different facts which hare 
already been stated during the investigation of the diagram of the 
simple valve-gear and of Stephenson's link-motion ; even the signifi- 
cations for the present valve-gear have been taken as the same. K 
is here necessarv, in order to examine the distribution of the steam 
effected by Grooch's link-motion, to draw the valve-circle for each 
grade of expansion, i. e, for each value of u, and thus to calculate the 
co-ordinates for its centre and to mark them on the drawing. 
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The theory gives for the movement f of the valve the formula : 



(m) ^ = rfainS ± jco8 $^ 



C08 UJ 



Z — ( CO« a 4: -y- «tw j «t» w, 



in which the upper sign is to be taken for open eccentric rods, and 
bhe sign below for crossed eccentric rods. 

The co-ordinates for the centres of the valve-circles are then : 

B = a = -^ fsin $ ± -^ co8 A (51) 

BC = 6=U(co«J+i-«»j). (62) 

these values may easily be calculated, if the values of r, S, c, Z, and u 
are known. For a given valve-gear u is the only variable quantity, 
and may be expressed in parts of c. As already stated, valve-gears of 
the present construction always allow the sliding-block K to occupy 
positions which coincide with the centre lines of the eccentric rods, 
and thus the greatest value of u is equal to + ^ or — c. The half- 
length e of the link is now again divided from the dead point towards 
both sides, into a certain number of equal parts or grades of expan- 
sion; if we have thus n parts and if the sliding-block is at m^ 
part, then is 



m 

u = — 

n 



By substituting this value in the above equations (51) and (52), 
the co-ordinates of the centres of the valve-circles for the correspond- 
ing grades will be obtained; and there may then be drawn the circle, 
which in connection with the lap circles will show the distribution 
3f the steam for the corresponding grade in the manner already 
Bxplained. It wiU be advantageous, to show at once by an example 
the manner in which all questions relating to the distribution of the 
steam of an existing or supposed valve-gear may be answered by the 
diagram. 

Problem. — The following measurements are taken from a link- 
motion on Gooch's system : — Eccentricity r = • 060°* (2 • 36") ; angle 



Fig. 32. 




td tdvdaee S = W^; luilf-len|,'th of Ute link e = O'löO- (fl 
I of tlw eccentric rod« 1=1-2" (48") ; the oatäde lap i 
' (0-78*^ ; the inndß 1^ •" = 0-006» (0-23") : there are i 
I o! expausion for the fanraid gear aod the same numberl 
buskward gear. 

How is the distribotioD of the Bteam e9e<rted ? 

Calculate at first the coordin* 
O B and B C, of the centre of t 
valve-circle C, for the highest grade ^ 
expansion, thus for u =: c (Fig. 32), '. 
fonnnlaB; 

0B= -2-(^««S-f {««j) 

give, if the above values are nsed : 
OB = 0-014" (5-6"} and DC. - 0027'" (9-8") 

If these two values are marked from on the axis X, as aloTfJ' 
in Fig, 32, the centre C, of the valve-circle, eorresponding to tb^ 
last or fourth grade of expansion, is obtained. DcBcribe from 0« 
this circle with C^O as radius. 

Next simply divide the ordinate B Ci into as many parts bs 
there are grades, thus in this case into four. The points of division 
C|, Cj, and C3 give then at once the centres of the valve-cirdeB 
belonging to the different grades, and these circles are described from 
Ci, Ci, and C, with Ci 0, Qj 0, and Cj as radii. K finally circles 
are deacribed from with the outside lap V, = e = 0-023" and 
the inside lap O W| = i = O'OOS" as radii, then the diagram is 
complete. How, for each grade of expansion, the chief positions of 
the crank, as for instance, the beginning of the admission of the steam, 
of the Gshaustion, of the oxpaneion, of the compression, the greatest 
opening of the ports, &c., are to be obtaijied from the points of inter- 
section of the valve-circles with the lap-circles, has been already 
explained, and it will therefore be unnecessary to repeat it here. 
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We need therefore only call attention to one peculiarity of this 
valve-gear ; it will be seen that every valve-circle crosses the axis 
of the abscissa at the same point Pj; but now it is known that Vi Pi 
is the opening of the port for the admission, and Wi Pj is the opening of 
the port for the release, at the beginning of the stroke, or the outside 
and inside lead respectively ; it will thus be seen, that the lead is the 
same for all grades. The measurements from the Figure, which is 
drawn half-size, give 

the outside lead Y,T, = • 005» (0 • 2"), 
„ inside „ W. P. = 0-022» (0-86"). 

For the dead point of the link t^ = 0, therefore, the abscissa of 
the centre of its valve circle 



B = -^ fain $+jco8 dX 



the ordinate, however, is nil, and thus the centre coincides with B. 

We obtained the same result for the dead point of Stephenson's 
link, and it thus follows, that with equal dimensions of the two valve- 
gears the distribution of the steam by the dead point is exactly the 
same. The remarks on page 82 are therefore also correct for the 
present case. It is generally considered to be a great advantage, 
that in the case of the present valve-gear, the lead for open eccentric 
rods as well as for crossed ones, is constant, and this valve-gear is, 
therefore, considered to be better than that by Stephenson, in which 
the lead, as we have explained, increases with open rods and decreases 
with crossed ones, the higher the grade of expansion. But from the 
results obtained above, we are obliged to declare the valve-gear by 
Stephenson to be the better one. Gooch's valve-gear always requires 
a great distance between the driving axle and the cylinder, for the 
long radius rod has to be placed between the link and valve rod ; and 
this arrangemnt will thus, especially in locomotive engines, be applied 
but seldom. If a constant lead is really so necessary, Stephenson's 
valve-gear may then be so constructed that, as we have shown, the 
lead in that case also becomes a constant one. Take a short link, long 
eccentric rods and diflferent angles of advance, and the small varia- 
tions of the lead, which may then occur with such an arrangement 




Weneit 
• dw ^bIm «f adnM» IntMCB Itf- a^ acr. tfao «xmbnlM 
« (H)S(r (2-) ^ OOar (37) B nri Mu« Hat d« 
f^tMer eeembnätj taitwpmAm^äät » — DeriM^rfMfaMMe. Ve 
iMf oov at ones dnw Ae rfiagi^ fir tbe hit gn^ of exfUBm, 
ami obtain bjr O P, (I^ 32) die notemeDt of Ae Tih<e fron its etubrd 
poaHioa at tlie eonaeeeBat of die ArAa of tiw pkkn. If« 
marii DOW bam P, towaids O tbe distance P. T, e^oJ to the o«^ 
lead, «DOtmtbg g^eniOr from CHXM- (0-16') to OtiOT** (fr2S0, 
w« gM 1^ V, the outside lap, which is gena-mUr between 0,020" 
(*)-H") and 004<r (l-C). If the diagram shows this li^ too hiff, 
a. Muuillvr nugle of odTsnce or a Emaller eoceatiidtT is then to be 
laldrn, 'I'lie iiuide lap i« generally takea between (HWl" (004") and 

'J'ho ttbovc rule« ure also correct for Stephenson's yalTfr^ear, only 
in Nucli a caso the outside lup has to be chosen with regard to the 
variability of the outside lead. We have to draw, therefore the 
Vftlvo-circlo for the dead point, and examine whether the lead for 
lliM ililißr tC'idoH of expansion with open rods is, perhaps, not too lai^, 
or wjUi (truHHüd rods tinder the chosen proportions not too small. 
I''liiully, iiM for tlio Busponsion of the link and of the radius-rod, we 
rul^r to Ulli I'Aiult« of tho theoretical ii 
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CHAPTER in. 

Link-motion hy Allan, 
Description of the valve-gear. 

In Stephenflon's link-motion, as well as in that by Gooch, the link 
is curved to an arc, which in the former has a radius equal to the 
length of the eccentric rod, and in the latter equal to the lengtli 
of the radius rod. We have already proved, in a theoretical manner, 
that it has to be so, when the point from which the valve moves sym- 
metrically forwards and backwards has to remain fixed for all grades 
of expansion, as is required for a regular and correct distribution of 
the steam. 

But the construction of a curved link to a large radius incurred 
formerly great practical difficulties, and the often-repeated question, 
whether the curved link could not be replaced by a straight one, 
was thus quite natural. But the arrangement of the different parts 
of Stephenson's and Gooch's link-motion gear does not allow this, 
as may easily be proved theoretically. 

Take, in equations (14), p. 63 and (38), p. 101, the radius of the 
curved link p as infinitely large, and two equations are obtained, 
the first one for Stephenson's link-motion gear, and the second one 
for Gooch's gear, which give the distance of the centre of motion of 
the movement of the valve from the centre of the axle. These 
equations will then show that, under the given supposition, the centre 
of motion of the valve mcyves farther and farther from the centre of 
the axle the more the link or the radius rod is raised or lowered above 
or below the dead point of the link, the former in Stephenson's, and 
the latter in Gooch's gear. But the consequence of such an altera- 
tion of the centre of motion would be, that the admission and the 
release of the steam, in fact, the distribution of the steam for the 
forward stroke would be a quite different one to that for the back- 
ward stroke. 

The invention by Allan — an invention which was made also a 
little later by Trick in Germany, undoubtedly independent of Allan 
— appears thus the more interesting. Both Allan and Trick apply 

I 
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a draigU link, and attain their end perfectly, as theory will diow bv 
tho ingonioufl plan of raising or lowering the link and the ladins'rod 
of CifXK'li'B link-motion gear mnuUaneously ; i.e. the valve swings at 
all grades of oxi)ansion symmetrically backwards and forwards on 
C5ither side of a fixed point. 

Fig. 1 3, Plato III., shows a general arrangement of Allan's link- 
motion. 

The two eccentrics D and Dj, which are fastened to the axle O with 
csqiml angles of advance, govern the two eccentric rods D C and D C 
whi(;h are again coupled at their farther ends C and Cj to the link 
ilir. The link has a straight slot, in which the sliding-block con- 
nected with the end of the radius-rod Bj K, can be moved up and 
down. 'J1io radius rod is connected at its end Bi with the valve- 
Hpiudlo Ui IJ, which itself works in fixed guides. The link is carried 
at itH dead point J by the lifting-link Si J, whilst the lifting-link S T 
iH at its one end fastened to the radius rod B^ K ; both lifting-links 
are connected at their other ends by a double lever Si L S, which is 
fixed to the weigh-bar L. To the same shaft is fastened the lever N, 
which can bo moved by the driver through the reversing-rod P between 
the i)08itions indicated in the Figure by dotted lines. It will now be 
soon that the link is lowered by turning the shaft L, whilst the sliding- 
block K in it rises, for the radius rod is then raised simultaneously on 
the other hand, when the link rises, the radius rod is lowered. The 
various dimensions also must be in this link-motion in certain propor- 
tion, if the movement of the valve is to be a correct one. Everythm^^ 
dopcnuls hero especially, as the theoretical investigations will show, 
upon the proportion of the two arms L S and Sj L of the double 
lover 8 Si. 

For our following investigations we shall use the sketch. Fig. 33, 
and retain for the dififerent parts the same designations as previously 
applied. 

Thus let, as before : r = the eccentricity D = Di , S = the 
angle of advance, I = the length of the eccentric rods C D = C D 
Ö = the half-length J C = J Ci of the link ; ^ = the length of the 
radius rod Bi K and Jj = that of the valve rod measured as far as 
the centre of the valve B. Let also the distance between the point of 
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connection T of the lifting-arm and the end point Bi of the radius rod 
be Iq and the two arms Si L and S L may be called a and b. Finally» 



Fig. 33. 




X B 



let the distance of the sliding-block K from the dead point J of the 
link for any position of the link be = u, thus JK = u. The link 
crosses at that position the centre line of motion B at the point M ; 
let the distance of this point from the dead point of the link be 
J M = w ; and let the distance of the same point from the sliding- 
block K be M K = ^2, whence 



Theory tfthe link-motion hy Allan, 

a. Determination of the movement of the valve. 

We shall commence here also by writing down the equation, 
which gives the distance of the centre of the valve B from the centre 
O of the axle for a certain position of the link and any angular 
movement « of the crank ; we shall use the above-given designations 
and also a few equations, which have been found during our investi- 
gation of the theory of Stephenson's valve-gear, as we in that case 
also supposed at first a straight link. Let us suppose at first o^n 
eccentric rods. 

I 2 
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According to Figaro 33 : 

OBs.OF-FM, + M,B, + B.B. 



^53) 



The diSerent quantitiea on the rigbt'-hand side of this equation 
are part of them kuown, and part of them easy to detenuine, If 
we substitute in equation (10), page €1, u, for u we get next: 



"(' + -) + '- 27 + -r--2T 

(c - w .) r c w (8 + w) _ r' corf" (j + oj) 



Further: 



I 



(55) 



F M, = (c - «) Bin a ; 
where, accordiug to equation (11), page 61 : 

sin a = — cog S ein 01 — y tin J sin ai — — .- iMa ^ e~ 

The Take of Mi B( is according to Fig. 33 : 

M, B, = VbjK'-K^, 

or as Bi K = \ and K Mj approximately = «^ : 

M, B, = V77'"^^, 
or near enough, for «j is small in proportion to ?, : 

m, B, - i, 2 i_ - 'i - 2 Z, 
And finally 

BE. = ^,. 

Sulatituting these different values in equation (53), we get after 
saEGcient reduction : 



\ 



(57> 



'(- 






m tu + i + Z, + 4 



L 2 Z i ^ 2 i. J 

-[^"»■('-'") + ^ "'(* + ■")]■ (5«) 
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If we substitute in this equation at first for o), and next time 
180° for 6), and take the mean of the two values thus obtained, u e. if 
we adjust the valve to equal lead, the distance of the centre of 
Biotiou X of the valve from the centre of the axle will be : 



OX = Z + Z, + Z,-ö-, - 



21 



r* cos" $ 
21 



r -± - -^ J. (" ~ "i)* n 
"121 I ^ 2 1, y 



(69) 



but u and u^ are variable values, and the valve-gear would be thus 

quite useless, if the last quantity between the brackets could not be 

reduced to mZ, i. e. if the centre of motion X could not be kept at the 

same place for every grade of expansion. But, fortunately, this may 

'>e done easily; and let us try for that purpose to ascertain the 

relation between u and Ui . 

First, it is easy to see that the following proportion is correct, if 
^o draw in Fig. 33, T U parallel to the link : 

TU:KM = BiT:BjK, 

oir ifTU = w,: 



w, = 



h 



«a 



(60) 



We may then .also find the relation between u^ and Ui, The 
^ting-links Si J and ST are of equal length, and when K is at 
th.e dead point, the points J and T fall on the centre line of motion 
*iid the lever S Si is parallel to the latter. As the weigh-bar is 
filmed, the points J and T move in directions nearly vertical to B, 
ö-nd under these suppositions it will be easy to prove that the fol- 
lowing proportionate movement takes place : 

TU: JM = SL:SiL, 
or using the known significations : 



«, = — «,. 



(61) 



The combination of this equation with equation (60) gives 

Z, b 
"• = T ^ "'• 



•^ + *» = (^ + X" ^j*^' 

Of, fcr », -^ n^ = H ; 

N^.oct w^ put th<^ ron^itant raloe : 

l + |- = . (63; 

hufl ^H : u sz n u-, The raltie of n may alwiijrs be cftlcolated for a 
ffirfrtt rnlrfyiff^^r, whf;T) the proportion of the arms of the lerer h : a, 
hH wf'M f9H th^; l^^^hü /| and 4 are knowiL 

Aft/^ th^;^ [irr.'fiaratioMy we return again to formnla (59). We 
f//ffri/l that with Allan '8 ralre-gear the following condition must be 
tuUilU^l mulfir any circamstancefl : 

21 I ^ 2/, -"• 
If w/! j/iit now in this u = nui^y9e get : 

and thim follow»: 

und (Mimbining tlim equation with (63): 

I- . |(. ± v/T^)- («) 

TliiH oqnation »liows then, that Allan's valve-gear is only correct 
wlion tho m]0|N)nHi()n rods are carried by a lever, the proportion of 
tlin arinH of wliich iH dotormined according to the last formula; and 
it Im only tlion, that tho variable quantity in equation (59) disappears, 
and th(i coutro of oHcillation of the valve remains for all grades un- 
alinrud in its position. The obtained proportion depends only on the 
lon((th of tlu^ occontrio rod l^ the length of the radius rod li, and 
ilio position of tlio point T upon the latter. 

For tho ftirthor investigations, we have to suppose the given 
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condition to be fulfilled by taking the positive sign before the root as 
the correct one. 

But the value of O X follows then accordmg to equation (59) : 

OX = Z + Z, + ^i--27 21 — ^ ^ 

and the movement of the valve is thus : 

2= OB-OX. 
Using the value of O B obtained by equation (58), and putting 
Ui = — , we get, after sufficient reduction, 

/ « c* — tt* \ 

(IV") 2 = r f «» ^ -(" 7 — C09 1\C09 IÜ 

. ur / ^ c (w — 1) . \ . 
-j [coso ^^ — 7 — - 8ino\8inw 



+ oT [cos 2 ^ ain u) -\- — sin 2 B C08 w\ ain cu . 



All quantities containing e have to change the sign for crossed 
eccentric rods. 

The third ^quantity of the last equation is again the " missing 
quantity," and it is exactly equal to that, which we not only have 
found for Stephenson's valve-gear, but also for that by Gooch. Neg- 
lecting this quantity in the present case also, we get for open and 
crossed rods : 

(TV) ^ - r isin $ ± ; — cos $j cos ou 

, u r r ^ c (w — 1) . ^ 1 . 
JL — I cos X —^ — i — - sin sin w» 
c L ^ nl J 

But necessarily : 



(lY^) A=^(l+.yi+|)and 



If we again designate the co-efficients of cos a and sin w by A 
and B, we get as for the other valve-gears : 

f = A cos w ± B «in w . (66) 



The curre, m which the oeaties of «0 tiw Talvercndes b 
tu thv (Ufl4,-rent grades of expuutoii are ötosted, tomj be obtaioedm 
the tffo eqastbiu for the ro-ovdiiiiiteB 






i± - 



^^q 



aro combined with each other, by elimiaatüig r. We find them äiBttH 
carve here, as la the case of Stephenaona vaiTe-gear, is a para 
the vortox of which 13 distant &om O for open rods by the amount: 

-|(«j+i«,s), 

»nil for oroiaed rods by the amount : 



(67) 



(68) 



Tlicso fommlfD are the same as those for Stephenson's gear. 
With open rods the concave side of the parabola is tnmed towari^ 
1^ point of commencement O, and its parameter is: 



2ccoäS\'^ 



With orossed rodfl, the 
tuwordB 0, and the parameter is : 



ix eiJe of the parabola is turned 



2 c cm S KS" 



i-f- 



nl 



-.^)- 



J 



(70) 



TIio parabolas aro thus not equal for open and crossed rods, as ia 
tho ciiMo of Stophouson's gear. For the finding of the above formula, 
cdTiipaiv p. (iß. 



I'. Oil lliu HiisiiouMiun of tlio Link and of tlie Radius Eod. 
Tlio proL'oding theoretical investigation has shown, that if the 
I'OliMtriii'tJuit iit to be correct, the two arms S L and S, L of the double 



\ 
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lever S Si must be in a certain proportion, which is distinctly 
demanded by the other dimensions of the valve-gear ; it was shown 



i-H'+V^+{} 



and the fixed shaft L is placed between the two points of suspension ; 
but Beuleaux has shown (Civilingenieur, vol. üi.), that tho points 
of suspension S and Si can also be placed upon one side of the turning 
point; but he adds quite correctly, that this suspension would be 
impracticable, and we shall not therefore examine it here, but speak 
only about the arrangement as given by AUan and as supposed for 
' the above calculations. 

If we examine, in the same manner as has been done in the case 
of the valve-gears formerly considered, in what curve the two points 
of suspension S and Si are to be moved, when the vertical movements 
of the link and of the sliding block are to be reduced as much as 
possible, we arrive at conditions which, however, are not fulfilled by 
Allan's method of suspension, for the two points of suspension have 
to be moved in parabolas or approximately in arcs, the radii of. which 
are equal to I and Zj, but which turn their convex sides towards the 
axle L. This condition could very well be fulfilled practically, by 
moving the two points S and Si in corresponding guides. Theoretically 
with regard to the present method of suspension, therefore, there is 
nothing to recommend, but to make in practice the lifting links as 
long as possible, and to make the whole length S Si of the double 
lever a little greater than the length T K. Thus about : 

a + h = k-k> (71) 

■L 

As, however, the proportion — is known from equation (IV^), the 

actual positions of a and h are easily determined. 

If the dead point J of the link lies on the centre line of motion, 
the lever S Si is then horizontal, and we find for this case, according 
to equation (27), page 69, that the abscissa of the point of suspension 
Si, measured from 0, must be, 
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As the point L in this position lies as mnch as a farther towards 
the righty the abscissa of the axis L is, exactly enough for practical 
purposes, 

x^l + a^-f^, (72) 

whilst the length of the two lifting-links gives the ordinate. 



Practical Application of the Diagram. 

In order to examine an existing valve-gear, or to arrange a new 
one, it is only necessary to know of the theoretical investigation above 
given three chief results, which are briefly expressed by the three 
following equations. The movement of the valve for any angular 
movement u> and any grade of expansion u was for open or crossed 
rods : 



(IV) f or(«nJ±-^^^- co«j)co« 



M 






the different figures, with the exception of Uy have the signification 
above given (page 114). 
But it is necessary that 

(IV^) n = 1 + -^ -^ and that 



A = ^-(.+ yi + |). 



In order to ascertain now, by the aid of the diagram, the dis- 
tribution of the steam for each grade of expansion, we have again to 
draw the different valve-circles, the centres of which have the co- 
ordinates : 

2 \ ~ ncl ) 

B0 = 6=^[«««+^J)«nj]. 



1 
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An example will clearly show the application of this formula. 
Problem. — ^An existing valve-gear on Allan's system has the 
>llowing dimensions (Fig. 13, Plate III.). 

Eccentricity r = • 070" (2 • 75") 

Angle of advance ^=30*" 

Length of the eccentric rods Z = 1 • 250" (49") 

Half-length of the link .. CJ = CJ» = c = 0-150" (6") 

Length of the radius rod Z» = 1-500" (60") 

Distance of the point T from the end B^ of 

theradiusrod Zo = 1 ' 250" (49") 

Lifting-arm S, L = a of the Lever S S, .. a = 0-075" (2-9") 

Lifling-arm S L = 6 6 = 0-175" (6-8") 

Outside lap e = 0-024" (0-9") 

Insidelap « = • 005" (0 - 19") 

The valve-gear has crossed eccentric rods and four grades for the 
irward gear, and as many for the backward gear. 

The sliding-block K stands at C or Ci when the motion is in full 
ear ; for these positions v,=z -\'C ov — c. 

The distribution of the steam for all grades of expansion is to 
3 examined, and besides any peculiarities of this valve-gear are to be 
jcertained ifrom the diagram. 

It is next to be examined whether the equation (IV**) is fulfilled, 
)r in that case only is the valve-gear useful ; for otherwise the valve 
oes not swing backwards and forwards at the different grades of 
^pansion on either side of a fixed point. We must therefore have : 



i=4('+\/i+{> 



Substituting the given values, we have : 

— = 2-35 
a 

The given values of a and h are also in the same proportion ; and in 
lis way, therefore, there is no fault to be found with the valve-gear. 
If we now calculate : 

I h 
» = 1 + ^- — we get 

n = 2-82. 
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For calculating the co-ordinates of the centres of the valve-circles, 
the following formulae must be used, for there are crossed eccentric 
rods: 

OB = a = -Tc- I 8tn S — 7 — cos S ) 

2 \ ncl J 

From these formulae we get now the co-ordinates for the 4th or last 
grade of expansion, thus for w = c, if we use the known values : 

O B = • 0151» (0 • 60") and B C = • 0316» (1 • 24"). 

Putting then in the corresponding formulae successively 

w=|c;w=fc;w = Jc and m = ; 

we obtain the co-ordinates of the centres of the valve-circles : 

For the 3rd grade . Bg = • 0146» (0 • 51") B« C« = • 0237» (0 • 9") 

„ 2nd „ . O Ba = • 0138» (0 • 54") B^ C^ = • 0158» (0 • 6") 

„ 1st „ . O Bi = • 0135» (0 • 53") B^ Ci = • 0079» (0 • 3") 

„ dead point . O Bo = • 0132» (0 • 52") • 

The co-ordinates are now marked as in Fig. 14, Plate III., and 
the centres Co, Ci, C2, C3, and C of the valve-circles are thus ob- 
tained. Describe next the lap-circles with the laps O V = 6 = 
0-024°^ (0-94") and O W = f = 0-005°^ (0-23'') as radii, and the 
diagram is complete. In order to ascertain from the diagram the dis- 
tribution of the steam, it is only necessary to repeat in this what has 
been already explained, and we refer therefore for further information 
to the diagram Figs. 8 and 10, Plate II., for Stephenson's valve-gear, 
and to what has been said about it on pages 80 and those following. 

But we may call attention to one peculiarity of Allan's valve-gear 
with regard to the lead ; it will be seen that in the present case, thus 
for crossed rods, the lead decreases, the higher the expansion ; while 
the lead for the 4th grade is 0-006"^ (0-27"), it is for the 1st grade 
only 0*003» (0-11") : and the result would be the reverse one for 
open rods. It wiU thus be seen that Allan's valve-gear is in this 
respect similar to that by Stephenson ; the variability of the lead is, 
however, imder equal circumstances, as may easily be shown, always 
less in the case of Allan's than it is in Stephenson's gear. 
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But there is no reason for considering on that account that Allan's 
valve-gear is a better one, for the small advantage with respect to the 
lead is rather dearly purchased, as in this, as well as in Gooch's valve- 
gear, circumstances prevent its application for many cases, as the 
insertion of the long radius rod requires a far greater distance 
between steam-chest and driving-axle, than is the case in Stephenson's 
valve-gear. 

There are no diflSculties in ascertaining, according to the method 
which has been above explained, the different dimensions which are 
to be chosen for the design of a valve-gear ; that which has already 
been said about Gooch's valve-gear, is in general also correct for 
Allan's gear; it is only necessary to add, that the proportion of the 

lever -arms — must be chosen in such a manner, that the equation 



is fulfilled. 



i.^(i+V'i+{) 



The above investigations have shown how similar the construc- 
tions of the three valve-gears by Stephenson, Gooch, and Allan are ; 
we found, notwithstanding the different arrangements, for all three 
valve-gears the same " missing quantity ;" the dead point of the link 
governs, under equal circumstances, the movement of the valve in the 
same manner in the one as in the other of the valve-gears, and 
the respective diagrams show such coincidence, that we arrive at the 
conclusion that in respect to the distribution of the steam none of 
these gears deserve the preference. 

In this respect only one doubt may still arise, and that is with 
reference to the lead ; the question is often put, whether a constant 
lead for all grades is really of such importance for an advantageous 
distribution of the steam, as is believed by many, and whether, if a 
constant lead is not possible, a greater or smaller one at a higher 
expansion is to be permitted, i, e, whether in the case of Stephenson's 
and Allan's valve-gears, open or crossed eccentric rods should be 
applied. A correct answer to this question can perhaps only be 
obtained through exact experiments ; for the present a certain 
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nt of i1m) Ii^fti] must be taken aa advantageons, bat it raustalso 
t adiDitted, acconlipg to the Cftlculations hj Beuleanx (Civilinge- 
nietir, vol. iii.), that the slight variations given by reversing-motioM 
witb variable cspansion, have no disadvantageous influence upon the 
action of the steam in tho cylinder. The valvc-gears by Stephenson 
and Allan are thus in this respect not inferior to that by Gooci, 
8up]>08iDg the dimensions are so chosen that the lead does not 
increase too much, or disappear perhaps altogether, as may happen 
when tho outside lap with crossed rods is not correctly determiaeiL 

In condusion, we must add also a few words about a pecuharityof 
a few executed locomotive valve-gears ; namely, the laps are Bome- 
times different on the two sides. Such an arrangement may be a 
nocessity, when the chief positions of the crant, in consequence of 
a very short connecting rod, differ too much during the forward and 
backward strokes, and when the beginning of the expansion and of 
the exhaustion of the steam has to take place at ilie same posiiioni 
of tlie piüoii. 

But if the connecting rod is long enough, then there is no reason 
for the above arrangement, unless any fault in the construction of Üie 
valve-gear should require such an alteration. But this fanlt ie then 
only to be found, as may be proved theoretically, in an incorrect 
suspension of the link or of the radius rod, sapposing that we have 
a valve-gear on Stephenson's or Gooch's system, but if we have 
Allan's valve-gear, the proportion of the arms of the double lever. 
wluch carries the suspension rods may not have been cliosen in n 
correct manner, so that it does thus not correspond with the above- 
given formula. If the suspension is a correct one, and if the eccen- 
tric rods are sufficiently long, then our theory gives, even if the 
"missing quantity" is taken into consideration, no results which 
indicate the necessity of such arrangement. If the valve is adjusted 
to equal lead for one grade, then it is equal on both aides for all other 
grades, even when the eccentric rods are short ; as has been proved 
by theory and by experiments. Of course it is another question, 
whether with short eccentric rods the distribution of the steam will be 
an advantageous one for all grades of expansion ; but this question is 
most decidedly to bo answered in the negative. No possible alter- 
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ation in the valve can in the least improve the distribution of the 
steam in such valve-gears. . 

We give now in the following pages the investigation of two link- 
motions, which in respect to the arrangement of the different parts 
are quite different from those previously examined. 



CHAPTER IV. 

Linh-mction hy Heusinger von Waldegg. 
Description of the Valve-gear. 

This valve-gear is represented in side elevation by Fig. 15, Plate III. 
O is the centre of the driving-axle, upon which, besides the crank 
O K, there is fixed an eccentric E, the eccentricity O D of which 
forms a right angle with the centre line of the crank. 

The eccentric rod D C gives to the link C C, which may turn 
Tound the fixed point J, an oscillating motion. The link has a curved 
slot, in which the sliding-block K, which is connected to the radius 
rod PK, can be moved up and down, by means of the lifting-link KH, 
in order to produce a variable expansion. 

The radius rod P K is connected at its end P to two levers M S, 
which at their upper ends are fastened by a joint to the valve-spindle 
V V, whilst their other ends move in circular bearings S, which form 
parts of the cross-head W. Each lever M S has thus a very peculiar 
motion given to it ; the end S moves with the piston-rod back^vards 
and forwards, the point P gets from the link another oscillating 
motion, and the second point M is thus brought into such a motion 
as is suitable for working the valve, as experience has shown, and the 
following investigation will prove. 

The different parts are shown in Fig. 34 by lines only, but are 
distinguished by the same letters. If the crank O B stands at the 
one of the dead points, thus in the position OBi, the piston is at 
the beginning of the stroke, and the arm of the cross-head is at Ti Si. 
The centre line of the eccentriQ is at that moment at Di and the 
link occupies the central position Ci J Ej, the radius rod is in 
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tbe pocntion E, P| and tlie levet, which governs the TalTe^ndle, 
in that marked S, P| M,. If the crank is now tmned thnwgh 180°, 
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thus into the position O E^, the cross-head will hare arrlTed at tlie 
other end of the stroke or at T, S^, the link will (^ain occupy its 
central position, whilst the centre line of the eccentric will ha¥e 
arrived at Dj, The radius rod will thus again occupy the por- 
tion El F|, and the lever which governs the valve will have now 
arrived at the position Sj Mj, V. e. the valve will have travelled during 
the supposed movement finm right to left as much as the distance 
M| Mj. If we bisect M, M^ at X, this point marks the central position 
of the valve ; for the movement of the valve must be a symmetric»! 
one, wheu we imagine that the centre of the valve is directly fastened 
to the end M of the motion-lever M S. Besides, the straight line 
X Pi Y lies in the centre of the stroke of the piston S, 8,. The 
distances M^ X and M^ X represent thus the movements of the 
valve from its central position, when the erank stands ai the one of 
the dead points. As the two distances M, X and M^ X represent 
the lead and the out^de lap added to it, and the first has to be con- 
stant for all grades of expansion, the position of the lever M] 81 
or Ml S3 has to remain unaltered, when the end E, of the radius rod 
E, P, is moved up and down in the link, while the crank stands si 
one of tlie dead points ; the point P^ has therefore not to alt«r its 
position while this raising or lowering of the radius rod takes place- 
It will he seen at once, that such is the case when the slot in the 
link is curved to an arc, the radius of which is equal to the length 
El Pi of the radius rod. It is next most advantageous to put the 
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tuming-point J of the link in a line J Pi parallel to the centre line of 
tihe Talve-spindle V V. 

Ascertaining, by calculation, the movement of the valve during 
my angular movement of the crank, it will be found that the setting 
Torth of the corresponding formulae for the movement of the valve is 
i^onnected with great difficulties ; but if we accept a calculation of 
Etpproximation, the proportions become very simple. 

Let us take the eccentricity O D = r (Fig. 34), the radius of the 
crank be O R = R ; the half-length J C of the link = c, the distance 
J K of the sliding-block K from the centre of the link for any grade 
of expansion = u. Next let the distance of the point Pi from the 
valve-spindle V V at the central position of the link P^ X = A, and 
the distance of the centre of the guide-box S from the line J Q, which 
is parallel to the valve-spindle. Pi Y = Q Si = i. Let us suppose, 
finally, an eccentric and radius rod as long as possible. 



Theory of (he Link-motion hy Seusinger von Waldegg. 

a. Determination of the Movement of the Yalvo. 

If we start with the position O Ri of the crank, then the link 
occupies at that moment the position Ci Ei, the motion-lever the posi- 
tion Si Ml, and the centre of the valve is removed from its central 
position as far as Mi X. Now, instead of supposing the crank and the 
eccentric to travel together through an angle w, we shall imagine, in 
order that the matter may be better understood, that they turn sepa- 
rately. If we thus suppose the crank to be at present fixed at Ri and 
turn the eccentricity r in the direction of the arrow through the angle 
Di O D = «y, the point D of the eccentric rod, and therefore also the 
point of connection C of it with the link, will have moved approxi- 
mately as much as the distance O F towards the left, and this distance 
is = r 8^l» 0). While the point C moves as much as C Ci = r sin w 
towards the left, the link arrives at the position C JE, and the 
sliding-block Ki advances therefore towards K, so that 

J^" J C 



BErESSDi6.1f0T1O5S. 



r ngmficfttioD KK^ = 



. ByUien 



of tiu) poinl K, bIso the otha end F, erf tlie radne rod will hare 
«raT«d at P, BO thst «pprorTTinldy P P, = KE, = — rtm«. As 

DOW thecnnk for the present was Bajipoeetl to be fixed at OB» tliot- 
fon tbe arm S, T, at the gnide-box S, will not have alteied its 
; and tbe motion-lever woold bare therefore passed, in come- 
) of the moTement of F„ from the positiiMi S, P, Hi into Ü» 
tion 6, P M] and the centre of the v&lTe from H, to M^, if tlie 
crank had not tamed at the same time also through the angle B K,. 
But at first the movement M, Mj of the «aire might be determind. 
During the movement of P, towards the right, the point P, leaves tlifl 
straight line P, J, for Mi P, = Mj P ; but as this quantity is alwajs 
very small, it may be supposed approximately that the poiot Pi 
always moves lite Mi in a straight line backwards and forwards, ami 
thus that P, P is parallel Mi Mj. Thus follows, according to Fig. 34, 

A M, S, M, 05 a. P, S, V, whence 
M,M. M,S, _ XY 



or, according to the givDE signification and because there was PPj — 
— r«rt (0 : 



h+k 



(12.) 
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Ma is, howovor, not the true position of the centre of the valve ; for 
F ÜIO crank is now turned through the angle E, O K = o), the arm 
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Si Ti advances to S T, the motion lever moves in the guide-box S, 
^hile it (the motion lever) turns round the point P, which is at 
present supposed to be fixed, and brings the centre of the valve from 
M3 to M, i. e. to the place where it would have arrived^ if the move- 
ments of the crank and of the eccentricity had taken place simulta- 
neously. The distance M M3 may now easily be calculated. It is : 

A MM,Pqo a SP Si, therefore 

M Ma : S S| = M, P : A S|, or because 

M,P:PS» = XP»:P|Y = Ä:Ä; 

M Mg = -jT . S Sf. 

But S Si is now nothing else but the movement of the piston for 
the angular movement <o, thus : 

S Si = T T^ = U Ri = R (1 - CO« w) approximately. 

The influence of the length of the connecting rod may here be 
once more neglected, as the quantity S Si has to be multiplied by the 

A 
k 

value of S Si in the above, it will be : 



small fraction -?- in order to determine M M3. If we substitute the 



MMs = ^ R (1 - CO« cv). (74) 

The valve has thus, as the Figure shows, at the present position 
OB of the crank moved from the central position as much as MX, 
and we have : 

MX = MiX + MiM, -MM«; (76) 

But we have also : 

M, X Y S| , 
-^^- = -Yv' ^^ because 

YSi = RandYPi = k, 
MiX = ^B. 

If we substitute this value, as well as the results of equation (73) 
and (74) in equation (75), we get, after a slight reduction, the move- 

k2 
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ment of the valve from the centre of its stroke due to the angular 
movement w, thus M X = f 

(V) g = -TrRco«a;-j- — — i — ^ sin w. 

If we put for simplicity 

^ |r = A (76) 

and for a certain grade of expansion, thus for a given value of u : 

the equation for the movement of the valve will be : 

g = A C08 uj -^B sin w. (78) 

6. On the Corye of Centres. 

The abscissa for any point of the curve of centres, or, in other 
words, for the centre of any valve-circle, is, according to known 
theses : 



and the ordinate 



1 * 1 Ä ^ 






for the formula for the movement of the valve of the present valve- 
gear has also the general form 

J = A CO« cü -f- B **w w, 

and the movements of the valve are, therefore, here also represented 
by chords of circles, which we have called valve-circles. 

As the formula for the abscissa does not contain the value of w, 
all points of the curve of centres have the same abscissa, and it thus 
follows that the required " curve " of the present valve-gear, as it was 
in the case of that by Gooch, is a straight line B (?< (Fig. 32, p. 110), 
which is perpendicular to the centre line of motion X. 
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Practical Application of the Diagram, 

In practice it is only necessary, in order to be able to examine an 
existing valve-gear of the present system, or to construct a new one, 
'Xjo know of the above investigations — ^the equation for the movement 
of the valve. 

The equation is : 

g = j, - K CO« a; -)- , — r 8tn u). 

The different letters have the significations previously given, and only 
with respect to u have we to add a few words. For the link may be 
here constructed in such a manner, that at the last grade, thus when 
the radius rod is quite raised or lowered, the slide-block K is either 
not so remote from the dead point as the point of connection C of the 
eccentric rod, or this distance may be larger than C J. In the valve- 
gears constructed by Heusinger the first case occurs. We shall call, 
as previously, the distance of the slide-block from the dead point at 
the last grade Ci, and shall explain everything else with reference to 
this valve-gear at once by a particular example. 

We have chosen for that purpose a valve-gear, as applied by 
Heusinger von Waldegg to one of his tank-engines of small dimen- 
sions. The principal dimensions are : 

Crank-radius R = 0-U«» (5-6") 

Eccentricity r = 0-032" (1-28'') 

HaK-length of the link .. .. J C = c = • 108» (r) 
Distance of the last grade of expansion 

from the dead point of the link, 

thus JK = c, = 0-081» (3-18'') 

Vertical distance of the point P from 

the axis of the valve-spindle . . . . Ä = • 028 " (1 • 16'') 
Vertical distance of the point P from 

the centre of the guide-box S . . Ä; = • 804 « (12") 

Outside lap e = 0011» (0-43") 

Inside lap «= 0-002» (0- 07'') 

If we suppose next four grades of expansion for the forward gear 
and four for the backward gear, thus n = 4, all questions with 
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respect to the distribution of the steam may eaefly be answerecl from 
these data. 

We mnst first calciüate the co-ordinates for the centre of the 
Talve-circle of the last or foortb grade ; and we substitute thus in 
the following fonnula « for c, : 

Ä „ , „„ 1 w h + h 



B0= ■ 



Fig. 35. 



Sabstitnting in this the given values, there follows : 

OB = 0-0064B- (0-21")«ndBC4 = 0-0181- (0-59"), 

and marking these values in Fig. 35, wo get the centre C* of the 
Talve-circle for the last grade. 

This is the whcJe calculation, for the centres for the valve-circles 
of the other grades are simply obtained 
by dividing the ordinate B C« into as 
many parts as there are grades, thus in 
this case /our. If we now describe from 
C, , Ca ,Ca , Ci , and B circles with C. O, 
Cj O, &c., &C., as radii ; and also from 
O the lap-circles with the laps e and i 
as radii, then the diagram is complete, 
and we may proceed in investigating 
the distribution of the steam in exactly 
the same manner as stated in the 
case of the valve-gears previously de- 
scribed. 
The diagram is exactly the same as that of Gooch's valve^ear. 
As all valve-circles cut the axis of the abscissa at the same point Fi , 
the lead Pi Yi is thus constant for all grades, and that has been the 
aim of Heusinger. In the valve-gear under examination, the outside 
lead is equal to 0-002» (0-078"), and Üie inside one O-Oll" (0-43"). 

The manner in which we can obtain from the abov&^ven dimen- 
sions of the valve-gear information respecting the distribution of the 
steam, has been sufficiently explained already. 

But it is of special importance to determine for certain conditions, 
certain parts of the valve-gear, as for example, the outside and inside 
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lap, eccentricity, &c. It is almost always found, that in practice in 
the formula for the movement of the valve 

h ^ u h -4- k 

the length B of the crank is known, and thus also the values of 
h and k (Fig. 34, page 130). It will only be necessary always to 
make h as small and k as large as possible. Next the vertical 
distance L Tj = o) between the centre lines of the valve-spindle and 
piston-rod is to be taken as given, and therefore also the half-length 
of the link, which we may put near enough as c = CiJ = TiQ = 
<o — A. Besides, for Ci any value may be chosen, i. e. for the distance 
of the last grade from the dead point J of the link. 

The method which has to be followed in the construction of a 
new valve-gear will be indicated by the following example. 

In a valve-gear on Heusinger von Waldegg's system, steam has 

to enter, at the last grade of expansion, while the piston travels 

through 0'825 of its stroke, and the exhaustion of the steam has to 

begin when the piston has still to travel through 0*045 of its stroke. 

There is given : 

R = 0-14» (6-5") 

e = 0-108" (4") 

c, = 0-081» (3-18") 

h = 0-028» (1-1") 

k.= 0-304» (12") 

the outside lead =0-002» (0-078") 

The eccentricity r as well as the outside and inside lap are to be 
determined, and then the distribution of the steam for all other 
grades of expansion is to be examined, there being four grades for 
the forward as well as for the backward gear. 

Draw the two axes O M and O Pa (Fig. 36) and describe to any 
scale the crank-pin circle M B Ei . If we suppose the piston to travel 
on the diameter &om M to N, the admission of the steam has then to 
cease at Mi, so that M Mi = 0*825 . M N. Draw the perpendicular 
MiBi, meeting the crank-pin circle at Ei and connect Bi with O 
by the straight line O Bi ; this is then the position of the piston at 
the beginning of the expansion. Calculate next 

A= -|-B = 0-0129 = OP,. 
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If »e mark the value of the outside lead V, P, = 002° {007^) I 
from P, towards O, then V, = J 
^ft- **• e is at once the required ontad« 

lap, which ia found by measi 
ment to be e= O'Oll" {0-43^ 
if we consider that Figure 36 a 
drawn full-size. 
^^\ Describe now from with thai 

r ^y \ \ lap e as a radius, the circle Yi V, ; I 
•- — -M it intersects the position OK,of | 
the crank at Vi ; drawing dow 
through the three points V, 
and P, a circle, we get the valve- 
eircle corresponding to the 4th grade. The distance E 0, of its ceDlre 
from the axis O M is according to what has been stated previously 

,,_A„_i. JiL+i, 



The distance fc = B Cj is to be measured ; for the present cfise 
h = O-OIS" (0-57"), therefore follows from the last equation 



c, i -f- * 
Substituting on the right hand side the known values, th^ 
required eccentricity : 

r = 0-03a'"{l-25"). 
In order to determine the inside lap i, it is to he observed, that 
the exhaustion of the steam has to hei/in, when the piston has still to 
travel through 0-045 of its stroke. Make therefore NM^ =0-045 
M N, erect at M^ the perpendicular Ma K^ and produce Ej beyond 
O to the point of intersection W^ with the valve-circle, O Wg is the 
required inside lap, which is according to measurement 
0W, = .' = 0-002°' (0-07"). 
Describing also with i the circle WaW, and next the other valve- 
circlea, it will then be easy, according to the above, to understandii 
at once the distribution of the steam for all grades of expansion. 




PIüS FUSTS LINK-MOTION. 137 

The examination of the diagram of Hensinger's Talve-gear shows 

that the aim, to produce a constant lead, is completely reached, but 

that the valve-gear, in respect to the distribution of the steam, is 

equal to those previously examined. Heusinger^s construction is, 

without doubt, very ingenious, but too complicated ; that which has 

been said at the end of the investigation of the valve-gear by Grooch, 

viz. that the constant lead is purchased at too high a price, is also 

true for this system, even in a higher degree. 



CHAPTER V. 

Link' motion by Pius Fink. 

Description of the valve-gear. 

This valve-gear, which is represented by Fig. 16, Plate IV., and 
for which the inventor took a patent as long ago as April, 1857, is the 
most simple link-motion in existence ; and has already often been 
applied. O is the driving-axle, O E the crank, and D an eccentric, 
which is fastened with an angle of advance of 90°, and the sheave of 
which is directly and immovably fastened to the link C C. A lever 
G Q, which swings round the fixed point G, is coupled to this link at 
the point Q, so that the point Q moves backwards and forwards almost 
on the centre-line of the stroke O B, whilst simultaneously with the 
taming of the axle oscillating movements of the linTr take place 
round this point. 

The radius-rod M Bi, which is connected at Bj with the valve- 
spindle, is moved up and down in the link C by means of the 
bell-crank lever E K L, to which it is connected by the lifting-link 
E T. The engine runs then either in the one or in the other direction, 
according to whether the sliding-block M is placed below or above the 
dead point J of the link ; and, besides, the distance J M governs 
the grade of expansion. 

This valve-gear has especially been used for stationary engines, 
which have to work with variable expansion, but which have always 
to run in the same direction. For such cases only the one half of the 
link is constructed (compare Fig. 17, Plate IV.), and the sliding- 
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Mof^k M is then fixed at any reqaired point M of the Hob by me«iis <^ 
a Bcrow or cottor. This difference, Wz. whether the shifbing of the 
radini rod ie ofTccted through a bell-crank by means of the sospenakxi 
rod E T, as in Fig. 16, or whether the point M is fixed in the link by 
a Bcrow, is to bo taken in consideration dnring the theoretical inTcsti- 
gation, 08 it will be the case in the following; for the moTcmeut 
of the vnlre will bo different in the two cases, the slide-block M 
moring up and down in the link between certain limits in the first 
arrangcmont. 



TJieory of the Link-motion hy Piut Fink, 
a. Dotormination of the Uovement of the YaJTo. 
AVo stinll at first investigate the arrangement shown in Fig. 16, 
Finte IV., and shall suppose the radius rod to be moved ap and down 
by moans of a boll-crank lever. If in Fig. 37, O B is the directioD 
of the valvo face and Ü Z the centre line of the cylinder, then the 
crank stands at the position O Bo on a dead point, and D« in- 
dicates at that moment the line of the eccentricity r. The angle of 
advance is thus T D(, = 00° ; and if the crank is moved in the 
direction of the arrow through the angle », the eccentricity wü! 
arrive at the position O D, and all other parts of the valve-gear are 
represented in the Figure as corresponding with this position. 



Fig. S7. 




We will suppose that the point Q, which is situated on the con- 
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nectmg line D J between the centre D of the eccentric and the dead 
point J of the link^ moves backwards and forwards exactly on the 
centre line of motion B ; at least we may neglect the variations^ 
which will be caused, if we take the oscillating lever Q G very long 
and its fiilcrum G so that the chord of the arc which the point Q 
describes is parallel to O B. Besides this we shall in the following 
calculations call the two parts of D J, D Q = a and Q J = &, and shall 
suppose the inclination of this line towards the centre line of motion, 
corresponding to the angular movement « to be D Q O = 0. We 
shall again call the whole length of link C Ci = 2 o and shall suppose 
the link to be an arc, the radius of which is taken for the present 
equal to any length p. Let also the co-ordinates of the point M, which 
represents the position of the sliding-block for the corresponding posi- 
tion of the crank, be J N = » and N M = y, if we apply the equation 
of the circle to the dead point J as point of commencement, and if we 
suppose the axis of the abscissa to coincide with D J. Next, let the 
length of the radius rod Bi M be = Z and the length of the valve- 
spindle, measured to the centre of the valve, B^ B = Zi ; if the sus- 
pension rod E T is now long and if its fixed point E is chosen 
correctly, the point T and thus also the end M of the radius rod, Le. 
the sliding-block in the link, will be moved ahnost parallel to the 
centre line of motion O B, and the normal distance M L = w will be 
therefore a constant one for a certain position of the bell-crank lever 
EKL (Fig. 16, Plate IV.). In all valve-gears abeady examined we 
made the distance of the slide-block from the dead point of the link, 
for instance JM =w; but in the present case it is more correct, 
to make the distance M L = w, because we show thus also in the 
formulaB the influence of the movements of the slide-block M in 
the link upon the movements of the valve. 

We have now first to determine the distance of the centre of the 
valve B from the centre C of the axle for the position of the crank 
Eo O E = ft/. If we drop (Fig. 37) from the points D and N on O B 
the perpendiculars D F and N K, then we have, as will be seen from 
the Figure : 

OB = OF + FQ + QK-j-KL + LB»-j-B,B, 
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or, u will l>u seen nt ouce : 

OB = r eo» ^ -i- a eo$ ^ + (h + a:, CO» ^ 

+ 3, «B ? + VP-h' + I,. (79) 
Besides there exists the relation : 

ymp =« + (& + x)««^; (80) 

and nest, oa the link has to be curved to radius p : 
y- = * (2 f - »;) 

or, when the radius p is proportionately large, and the arc of the link 
thus flat, we have more simply : 

y' = 2fa;. (31) 

Filially, ive get from the calculation of the length D F : 



The four equations above given compriae the entire theory of tho 
present valve-motion ; for if the quantities x, y, and p, are eliminated 
by the three last equations in equation (79), B appears only as a 
function of <» and u, and the ascertaining of this relation is just tiie 
object of the investigation. The exact calculation would lead to very 
compUcated formulEe, but we may with sufficient correctness pjo- 
ceed approximately as follows. Next we may in equation (79), when 
the eccentric rod is long and the link proportionately short, i.e. when 
I is large and u small, write for the quantity ander the root : ^| 



VP- 



= t-^- 



Substituting also in quation (79) the value of ^, obtained from 
equation (80), the former may be given after a few reductions as; 



o + f,cmp+- 



: + i+l.- 



The value of x may be calculated from equation (81), and as this 
value is of itself very smalJ, we can take the value of y from equation 
(80), by putting there a: = ; there follows thus from (8U) : 
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a-nd then from (81) 

2 p cof^ (p 
^-nd by substitutiiig in the last equation for O B : 

^ _ . 6 + 11 «n Ö 

ÜB=:rcoBu) + aco80+ — ^- 

• ~ • COS (p 

■^ 2 p CO«" (p "T- * -r «I - "2 i • 

Finally there is the angle <p to be expressed by w ; from equation 

<;82) foUows : 

r . 
8tn (D = — 81» a; 
^ a 



C08 (p = <W 1 — "a" «W* ÜÜ, 



or when a is large enough in proportion to r and the root is replaced 
by a progression, in which the powers higher than second ones are 
neglected : 

COS (p = I — o' % w»' ^9 

and thus follows also approximately : 

1 r* 1 r* . 

:; = 1 + ö~~« siif w and — -5— r = 1 + 3 . o~~8 «*»' w • 
p '2 a' CO«" ^ ' 2 a" 



CO« 



Using these values for the last equation for O B and neglecting 

all quantities which contain — sin to in a higher than the second 

power, we get finally : 

T u / h \ u* 

OB = rcoaa;-j- fl + ^J^^ww + a-j-^ + ^ + ^i+o" 

According to this formula the distance of the valve-centre from 
the centre O of the axle may be calculated for a certain position u 
of the eccentric rod and for any position « of the crank. 

If the crank stands at one of the dead points, and if thus a» = 0, 
this distance will be then : 



M« tt« 



+ a + h + l + l,+ j- --27. 
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If UM cnmk etandg at ihe other dead point, and if thus u = 1SQ°, 
this distance is : 



r+a + b + l + l,-i-^~ 



sr 



The tsBon of the two ralaes gives, as the valve is to be adjneted 
to equal lead, tli© distance O X of the centre of motion S of the 
ralre from the centre O of the axle. This is thus : 



OX - 



. + (. + / + A + 2--^- 



Bnt the centre X has to keep invariably the same position for 
each position of the eccentric rod ; O X must be therefore inde- 
pendent of «, and this is the case if p = ? ; hence follows the rule : 

Iti Fink's vcdve-gear (he link must he curved io an are, the radm of 
which is equal io Ote length of the radius rod Bj M = 7, 

Putting now into the equation for X, as well as in equation 
(83) p = i, we get finally according to the fonnula 

£ = OB-OX 
the movement of the valve : 



-="+- 



^ + 



^^{a~ 
2 a^{'' 



^^> 



If we may neglect the last quantity, which represents the " misBing 
quantity," on account of its very small value, as is always possible 
for a good distribution of the steam, we get the simple equation 

£.r«,» + 'f(l + |-)»«, (BS) 

this being the same geueral formula aa haa been obtained for tJl 

valve-motioDs previously examined. 

The results above obtained are based upon the arrangement 
shown iu Fig. 16, Plate VI., or Fig. 37, page 138 ; if however, the 
sliding-blotk M is not kept by means of the rod E T parallel to 
the centre line of motiou B, and is thus not forced to move up and 
down in the link, but is fixed in the link at the point M by a screw. 
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tiie results above obtained cannot be taken as exactly correct; but 
there are no difficulties in transforming the formula at once, so that 
t^hey may correspond to the altered conditions. M L = ii is then no 
longer constant for a certain degree of expansion (Fig. 37), but this 
is now the case with the length J M, which may be represented cor- 
Tectly enough by y. But according to equation (80) we have, 

and if we put here^ as above, 

as well as 

r . 1 r" . 

9in f = — 8in u) and coa f =: I — s" ""■ **^" ^ > 



r I* , ry 

Mfi a; = — «n a; — I -h H^ j —t sin' w 

a . a 



then follows : 

as well as 

a" a* 

Using these two equations for eliminating from equation (84) the 
value of Uf we get after a few reductions for the present case : 



f = r coa w -f — fl + -^-j d 



8tn (a 



this formula differs from equation (84) only in the " missing quantity ;" 
if this is also in this case small enough, equation (85) is likewise 
obtained, with the only difference that here u represents the distance 
between the sliding-block M and the dead point J of the link, whilst 
in the former case u represented the normal distance of the sliding- 
block M from the centre of motion B, i. e. the distance M L. 

h. On the Curve of Centres. 

If Fink's valve-motion is such that the " missing quantity " may 
be neglected, then, according to what was said on examining the 
curves of centres of the valve-motions abeady explained, the co- 
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The meaa of these two Talnes is simply a. The point P, below 
■vhich the fixed centre G must be placed at the distance G P, is tlius 
^taat &om the centre O of the axle as mach asOP:=DQ=a. 

Now, next with reference to the suspension of tlie radius rod, the 
:problem is to keep the sliding-block M (Fig. 37} at a constant distance 



Fig. 37. 




ÜVI L = « from the centre line of motion B, This condition is best 
fulfilled when the point T, at which the suspension-rod E T is 
fastened to the radios-rod, moves in an arc, the chord of wliieh is 
parallel to the centre line of motion, and when the radius of this arc, 
i. e. the length Ij of the arm E T, is taken as large as possible. The 
abscissa S of the point T for a certain position u of the sUdiug- 
block M, and any angular movement to is now easily determined, as 
follows : 



We have 08 = OB - 
And B, 8 : B, T = 



BB, -B,8. 
B, L : B, M. 



If we pntBiT =1^, and, as before, the length of the radius rod 
Bi M = /, the above proportion gives : 



or approximately 



Putting also the length of the valve-apindle B, B = ?, (measured 
9 far as the centre of the valve), and using in the equation for S the 
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equation (88), neglecting: tliere the last quantity (the "missing quan- 
tity"), and substituting I for />, there follows: 

T U / h \ h^* 

OS = r COS u) -^ -— n + |-j«nw + a + b + Z-Zo+ Yf ' 

If the crank stands at the one of the dead points, so that w := 0,^ ^ 
the corresponding value of O S is : 

r + a + h + l -lo+ 2jt' 

If the cranlc ia at the other dead point, so that to = 180°, th — e 
value of O S becomes : 

The moan of thev<?e two expressions gives that central position of 
the swinging point T, for which the arm E T has to be vertical ; and 
the abscissa II = « of the jx>int E for the corresponding position u 
of the sliding-bloi^k M is therefore ; 

OH = aj = a + 6 + /-4 + ^P-. (87> 

The ordinate II E = y of this point is, however, 

HE = ET -ST. 

Substituting 7^ for the length of the arm E T, and considering th^^ 

proiK)rtion : 

ST:ML = B^T:BiM or 

S T : tt = /« : Z, 

we get also : 

HE = y = 7,-ytt. (8*:? 

The co-ordinates x and y of the point E are now calculated \>y 
the aid of the two equations (87) and (88) for every position u of the 
sliding block ; and the course of the curve Ej E E2, in which this poi»^ 
E must move up and down, so that the guiding of the radius-rod may 
be as perfect as possible is thus easily determined. 

For the dead point of the link, ♦. e. for w = 0, this toming-point 
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falls at Eo, and the co-ordinates x = Xo and y = yo for this point 

are thns 

x^=, a + h + l^U (89) 

Jfo = 4, (90) 

The position of this point Eo may now easily be ascertained. 
Combining next equations (87) and (88) we get : 



_ "0 



ZnU« 



^0 



21* 

and thus by eliminating u the equation of the curve E, Eo Ea 

and this is the equation of a parabola of the parameter 2 lo, having 
its chief axis Eo Eo^ parallel to the centre line of motion O B, and 
which (for 2 Z© will always be large) can again be replaced by an arc 
of the radius Iq. 

We get thus, with reference to the suspension of the radius rod 
the following practical rule ; 

Chose the length ^ of the suspension rod E T as long as possible, 
calculate the co-ordinates of the point Eo according to the equations 
(89) and (90), and draw through this point the line Eo Eo^ parallel to 
the centre line of motion O B. From Eo^ describe now with the 
length Bi T = Zo as radius, a circle Ei Eq Eg, which passes through Eo, 
and which is then the arc in which the tuming-poiift E of the 
suspension-link has to be moved up and down, in order to produce a 
variable expansion. The valve-gears on this system, as executed at 
the present time (compare Fig. 16, PI. IV.), are not constructed 
according to this rule ; the arm E K of the bell-crank lever E K L is 
moreover taken shorter than the part Bi T of the radius rod. But a 
simple alteration in construction would easily effect the required 
movement of the point E. 
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14^ UKVERSIN^J-MOnONS. 

pTiwHtHjU Applieation of the DicLgram. 

If wp a«^jfl<vt fclio ** ttii»»ing (iiiantity,'* the moTement <^ the Talre 
iti thiff tiUv^w^^Hur iw tuMiinliug to cM^oations (84) and (86): 

h 






thp «lirti^tvnfc b'tiU^r« Imvini^ thi» suru«^ signification as giren an p. 139. 
V. UiPfi^tum^ tho vulut» i»f tho tactors of co«. o^ and »in w is calenlated, 
iltp v!%UPHMn^h?i» Rir ilitVort^iit valuos of u may be drawn; and, on 
»♦H^utufc 4if «♦ ttpjimintifX iu tlio tHjutttiun, a diagram for this valre-gear 
i^ »il»krtiii*M|, whioU iM of tlvo uanio tV>rm as that of the valre-gear by 
Uinn^U ([v I UM ttU^l timt l»y Hoii^iugör von Waldegg (p. 134). It 
wnnurt» UiPtH^f*»rvH to i»o luuuHHHÄury to explain the application of the 
rtluiirv» fiirumU «ml tl\o oiuwtnu'tiou of the diagram by a special 
r*xiim|4v^ pok m^ »Utntlvl "*imi4y han* to repeat what has been already 
littti^ieil. lUit i!i(»0iHi%l p^^uUuritikH« of Fiuk*» valve-gear may be shown 
\^i^^ \\t ^MUjHiniv^ U witli th\.vio previously examined. 

\\V ^^1 fiMT tlio twv» mothoils of moving the sliding-block in the 
Unk* ft« ^^^^v*^vn\tvHl u\ Fig??. U> and 17, Plate IV., two different 
B^-iuulm i.>»4> ftitil ^St») tv>r the movement of the valve, but which 
ohlt vURV^^l W Uvo ^^numt^r iiuantity'* and by the circumstance 
{\\^\ k\\s^ vftlutp* # rv^p^^out:? iu the one formula the distance of the 
iili»lh\^-M*vk M tV\»u\ the wutr\^ line of motion (ML, Fig. 37), and 
iu \\w othor onv» \\\o di^tt^uw vxf the bUvk M from the dead point J of 
thr» link \,>ti\\\\ nurtUn^^ut ex^ctuees» the |^rt MN in Fig. 37); the 
(piU»lihg^-Uloek luow^ iu the fir^t case» tor a certain distance up and 
%\\\xt\\ in the liuk. wl\ü*t it i?? tixid iu the other ease. But the fact that 
thr^ wumi^ ft>rmulft t\xr tlie movvnueut of the valve under a different 
iiiguiti«Hitit\u of ♦• 191 \4>taiued iu Ivth arrangements by neglecting the 
" mm^li q^^^H^^^ leasts to the cimelusim that the two part8 M L 
•lud M N ( Vxifis %}T^ gx^uerall y ought not to differ much firom each other. 
Hut thin eouditiou is fiilfilled« as an examination of the Figure shows, 
if the eooeutrieit y O D = r is taken small, and the distance D Q = a 
as lrtrg^> as iK)ssibie, Even the * missing quantities " indicate that the 
protiortion r : a has to bo as small as possible. But a further exa- 
mination of the Figure leads to the required condition in the role» 
namely, to chose the part Q J = b as small as possible ; it seems thus 
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the best, for it is easy to do, to chose the value b = 0, t. e, to connect 
the link with the oscillating lever G Q at the dead point J. We may 
add to these rules the condition already stated during the evolution 
of the formulae, namely, to choose the length of the radius rod, t. e. the 
radius of the link, as large as possible. 

Supposing, now, the above-given conditions to be fulfilled as far 
as possible for a certain case, the question may arise whether Fink's 
valve-gear, on account of its great simplicity, is able to replace, 
especially on locomotives, the valve-geai's by Stephenson, Gooch, and 
Allan. 

In order to answer this question, the problem may be solved to 
construct a valve-gear on Fink's system, which has to produce exactly 
the same distribution of the steam as the valve-gear by Gooch, chosen 
in the problem on p. 110. 

We found there for the last (fourth) grade of expansion, i, e, for 
w = c, and for the dimensions given in that problem, the co-ordinates 
ofthe valve-circle (Fig. 38) 

OB = 0-014» (0-55") and BC, = 0-027» (1-06"). 

Let there be now for the supposed valve-gear on Fink's system : 
6 = and the radius rod in its extreme position, thus u = o (e repre- 
senting the half-length of the link), then we must have (if for this 
valve-gear the diagram Fig. 38 be correct) according to the equation 

r u 

^ = A C08 cx) -\- "B sin CO = r C08 CÜ -\- sin w 

and the known theses : 

OB = |A=|randBa = |B = |^ 
or it would be for the given numerical values : 

r = 0-028» (1-1") and -^ = 1-93. 

Thus it follows, that the full length of the link 2 c in Fink's 
valve^gear must in the present case be nearly four times the length 
D Q = a ; the same distribution of the steam could, therefore, only 
be produced by a very long link, as the length a had to be taken 
as large as possible ; but thö supposition of a long link contradicts 
again the supposition of the above evolution of the chief formulae, in 
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•bk* tlie dJMMice •, »ad An» «I» *■•, l»d to »» »oppwed to be smaU I 



in pruportm 



to tfac k^tfa u( the ndu» rod I These 



aJnady aoffici^it 



to ttbo« that Finb'e 



«nd high «^sosiou, 



r*lT«-gGsr is uiily apphcaUe For 
to the cylinJec, 
and that it is I 
therefore inferior to that by Steplien- ^ 
BDD, Gooch, and Allan. 

But also the "missing qnan- 
titiee" of the formulfe (84) and (8Ü) 
Bignify that Fink's yalve-gear fiilfils 
the conditions required for a good 
TalTG-gear less than the other vaKe- 
gears. Practic-e has shown by a 
floser esaminatiou that the " missin? 
quantity " in Fiuk'» valve-gear has proportionally a greater infiuence; 
imd that more disadvaatftgeoua differences from the correct movemeot 
'»rtlie valve thus appear. 

lu the arrangomeiit with the oscillating sliding-bloek (Fig. l*^' 
Plate IV.) we have the "iniBsing quantity" according to formal* 
(84): 




2 a't"- 



'f])*^ 



'I'lie same quantity is for the other arraugement with fixed slidii 
MiHik (Fig. 17, Plate IV.) according to formula (S6) : 






1 



'I'lio " missiug quantity " varies with the angular movement w 
in nil only for u = and 180°, «. e. when the crank passes through 
tlio dead points ; it is, however, greatest for w = 90° and 270'', and 
tliiit is for the present vulve-gear especially unfavourable; as this 
valve-grar will be used, as already stated, only for high expansion, 
t, 0, for smaller admissions to the cylinder, and the "missing quantity" 
will just exoroise it« greatest influence at those angular movementa, 
wliioh geuorolly will con-espond nearly with tlie beginning of the 
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expansion, thus just at the moments at which the variations of the 
movement of the valve ought to be avoided. 

The valve-gears by Stephenson, Gooch, and Allan show more 
favoui-able results in this resi)eet. The " missiug quantity " for these 
three constructions was of the equal form : 

+ -o-i f CO« 2 ^ «iw a; ± — %m 2 J co« a; J «n w . 

(Compare pp. 64, 102, and 119.) 

This value in these cases becomes nü not only for two, but for 
four positions of the crank, thus not only for © = 0° and 180°, but 
also for the angles, which are obtained by the formula 

u 
tang, a; = + — tang, 2 $; 

especially for open rods, and at the highest grade of expansion, i. e, 
for u = e, we get w = 180 - 2 S and 360 - 2 S. 

With' reference to © we get by diflferentiation of the "missing 
quantity " for the calculation of the angular movement, at which the 
quantity is a maximum, the formula : 

u 

tang. 2 w = ± — tang, 2 5, 

c 

which gives four values. The " missing quantity " becomes a maxi- 
mum for open rods (upper sign) and the highest grade of expansion 
for the angles : 

w = 90 - a ; 270 - ^ ; 180 - 5 ; 360 - ^: 

The greatest variation thus takes place when the valve is at the 
greater distance from the centre of its stroke, and also when it passes 
through the centre of its motion ; but these are the positions at which 
the variations evidently influence the distribution of the steam least. 

All these observations show that Fink's valve-gear is most de- 
cidedly inferior to the other valve-gears, and that it scarcely can be 
applied to locomotives. It might, however, be applied in many cases 
with advantage, as has been already done, to stationary engines on 
account of its great simplicity. 
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On the Cf/unter^effect of the Steam in Engines tnth Berersing-Gear. 

AIjL tlio invoHtigaticmH which havo been already made on the distribntion 
of the Kioani by link-inotioiiH, started always with the supposition that the 
valvo-gcjar wa«, during tJio forward course of the engine, worked also in fore- 
gear, and that the valvo-goar was acting in a corresponding manner during 
the Imckward course ; in other words, that the power of the steam acted in 
the cylinder, as for example, of a locomotive, so as to cause a progressing 
motion, or relatively an acceleration of the motion. 

But one case, known under the name of " counter-effect of the steam," 
and whicli may be applied to all engines which are provided with a 
reversing gear, is now of special interest; we shall therefore in the fol- 
lowing say a few words about this case, as our diagram will explain it 
without rwjuiring any further alterations or additions. The proposition 
whir;h Lochatelier has lately made, to use counter-pressure of steam as a 
break for stopping railway trains, has given to this question a greater 
inijfortance. 

If we sujjpose a locomotive to be running at a high speed, and the 
valv(Mnotion suddenly reversed, so that the valve-gear works in a reversed 
inanntjr, thus for example, so that the valve-gear distributes the steam 
during tlie forward course of the engine in such manner as would cause the 
engine to run backwards on a new start being made, very peculiar effects will 
evid(intly occur. Tliis much will be seen at once without any further 
Cjxaniinution, tliat in this case the speed of the locomotive with the train will 
be diniinislied, and that the steam will act against the piston. In order to 
explain tlie effects which occur in this case, we will suppose a locomotive with 
a valve-gear on Stei)henson's system : the chief positions of the piston for 
such valve-gear for the different (4) grades of expansion being represented 
by tlie upper part of the Figs. 8 and 10, Plate II., whilst Fig. 8 represents 
the valve-gear with open rods, and Fig. 10 that for crossed ones. Suppose 
now the engine to be running forwards, the valve-gear to be at first in fore- 
goar, and the piston to be travelling in the direction from the rigbt to the 
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eft, as indicated by the arrow (Fig. 8 to 10), the four positions of the 
)iston a, 6, c, (2, correspond then, according to that which has been already 
(tated, with the following occurrences : 

a Beginning of the ex})ansion, right hand ; 

h „ „ compression, left hand ; 

c „ „ release of the steam, right hand ; 

d „ „ admission of the steam, left hand. 

But the representation may become clearer by the signification of tho 
listances travelled by the piston ; the occurrences on the one, the right-hand 
dde are : 

Distance H a admission of the steam (admission) ; 
„ ac eximnsion of the steam ; 
„ c K release of the steam (exhaustion in front). 

But the occurrences on the other, the left-hand side are : 

Distance H b release of the steam ; 
„ hd compression of the steam ; 
„ (2 K admission of the steam (pre-admission). 

It is now easy through these values, which have been obtained from tho 
liagram, to imagine the corresponding indicator diagram, and to conclude 
ipon the work performed by the steam. 

Let us now pass on to investigate the counter-effect of the steam, and lot 
IS thus suppose that the engine runs forwards, whust the valve-gear at one 
►f the four grades of expansion is in hack-gear, the succession of the four chief 
wsitions of the jpiston will he then simjply reversed, or tho arrow, which indi- 
ates in Figs. 8 and 10 the course of the piston, must be drawn in the 
»pposite direction. 

If we thus suppose the piston to travel from the right to the left, from K 
owards H (Figs. 8 and 10, Plate II.), the four chief positions of tho piston 
nil then correspond with the following occurrences : 

d Beginning of the expansion, left hand ; 

c „ „ compression, right hand ; 

b „ „ exhaustion, left hand ; 

a „ „ admission of the steam, right hand ; 

r if we choose again the distances travelled hy the piston : 
Occurrences on the left-hand side : 

Distance K d admission of the steam ; 
„ dh expansion of the steam ; 
„ 6 H exhaustion of the steam (release in front). 
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OcciirroncoM on tho rujhi-hand aido of the piston : 

I>i»taijcü K c cxhauBtion of the steam (more correctly, connection ui the 

cylinder »pace with the exhaust fjort); 
ff c (I coiiipression of tho steam ; 
„ ^/ II admisHiou of the steam (admission in front). 

It iH thus oaHy to got on idea of tho effect of the steam in the cylinder and 
to iiiiagino tho corroBponding indicator diagram. If we examine tiie occor- 
TiniaoH on tlio loft-hand Hide more minutely, we shall find that fresh steam 
oiitorH into tho cylinder whilst tho piston travels the distance E J, which is 
Of42>ocially very short at tho lost grade. At d the cutting-of^ and con- 
mMjuontly tho expansion, begins, this lasting until the piston arrives at h ; 
tho distanco d 6, during which expansion takes place, is now so large in 
proportion to tho distauoo K dy during which admission of the steam takes 
place, eH|K)eially at tho farthest grade of expansion, that the pressure 
of tho Hteani in the cylinder generally sinks almost to or below the 
atmospheric proHsuro. The exhaust-port, which we suppose to commu- 
nicate for the present directly with tho open air, opens when the piston 
has arrived at b. If now the pressure of tho steam in the cylinder is at 
that nioitient behjw that of tho atmosphere, a compensation will take place 
and tho outside atmospheric air will enter the cylinder (no steam is there- 
fore admitted) ; but if tho pressure of the steam in the cylinder has not 
stmk, in couse({ueuco of tho expansion, to or below the atmospheric pressure, 
then so much steam escapes at tho moment of the opening of the exhaust- 
port, that the pressure of tho remaining steam is equal to that of the 
atmosi^hero. 

Tlie piston, when it has travollod the distance h H, has reached the 
end of its stroke, and tho outside atmospheric air is drawn in during the 
whole distance without interruption through the common exhaust-port, 
so that when the piston has arrived at &, the whole cylinder is filled by 
the atuiosphoric air and the small volume of steam which at first had 
entered while the piston travelled tho distance K d. Exactly the same 
occurrences will also tako placo on the right-hand side of the piston, when 
it again has returned to the position E after it has travelled through the 
distance II K. Let us suppose now that the piston has returned to the 
])oint K, and let us follow it again during its travel from the left to 
tlie riglit, but this timo direct our attention to the occurrences which take 
place on tho rhjUt-hand side (Figs. 8 and 10, Plate 11.). The whole space 
of tho cylinder on tho right-hand side is filled with atmospheric air and a 
little steam. Tho exhaust-port is still open for the proportionately short 
distance K o, and a small portion of tho air will thus be again driven out, 
wliilst the remainder will be slightly compressed; but the exhaust-port 
sliuts when the piston arrives at o, and the compression thus begins here, 
and lasts until the piston occupies the position a. 
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The port for the admission of the steam opens at a and remains open 
daring the remaining distance a H of the stroke of the piston. The steam 
from the boiler will thns mix at a with the compressed air, and the whole 
mass of air and steam will now be pressed into the boiler, when nearly the 
full pressure in the boiler is to be overcome. It will thus be seen, that 
the steam-engines of a locomotive act imder the counter-effect of the steam 
no longer as steam-cylinders, but as '* air-pumps ; " they are driven by the 
work, which existB under the form of vis viva in a moving train, and nearly 
a full volume of atmospheric air is drawn in by each cylinder at each stroke 
of the piston, and then compressed and driven into the boiler ; four volumes 
of air will therefore enter the boiler of a locomotive at every revolution of 
the driving wheels. 

It is thus easy to understand that the counter-effect of the steam in 
locomotives produces a quick raising of the pressure of the steam in tho 
boiler ; but that is but a minor reason why the counter-effect of tho steam 
should be applied for suddenly stopping of trains only in exceptional cases ; 
for another disadvantage of a more serious character is to be met with. 

The exhaust-port opens in locomotives, as is known, not directly into the 
open air, but communicates through the exhaust-pipe with the interior of 
the smoke-box. Whilst the cylinders are now drawing in the air, they will 
thus not be filled with pure air, but with the gases of combustion from the 
smoke-box, which have not only a very high temperature of 400°, 500°, and 
upwards, but which also carry with them a great many unconsumed parts 
of the fuel. The disadvantageous influence which tho practice of using the 
counter-pressure of the steam will have upon the engine and boiler of a 
locomotive will thus be at once understood. Nevertheless, engineers have 
always had sufficient reason to regret that it should be prohibited to the 
driver to apply this simple and powerful plan of stopping trains, and as, 
moreover, the retarding by means of friction-brakes is to be considered, also 
theoretically, quite as imperfect a practice, for the full via viva of the trains 
is entirely destroyed by the diminution of velocity. 

It is not surprising that under such circumstances the proposition of 
Lechatelier soon met with great approval and application (at first especially 
in France and Switzerland). According to this proposition the exhaust- 
pipe is closed when the reversal is eflfected, and the exhaust-port is connected 
by a communicating pipe with the steam and water space of the boiler ; 
small quantities of steam and water, which are capable of regulation, are thus 
allowed to enter into the cylinders at the sucking of the pistons, instead of 
the air or fire-gases. Water is admitted, in order to prevent a superheating 
of the steam during the compression, and thus causing a drying of pistons 
and valves. 

But experience) and closer examination of the diagram shows that 
Lochatelier's method, especially at a high speed of the engine, is in many 
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rnwo« not poworful «mcmgli. At a liigh volocity the piston will, in conse- 
(|iintHMY of tlio ixnvdtiiil o[)oinng of tho port of admumon, for the «imsäa^xt of 
tlin ooinit'Or-Hinutn, iriivol iv largor (ÜHtanco bcforo the fall coanter-fT^ssaie 
of ilio Hioiun In front of tho piHton boginB to act. There are therefofe 
ulroaity now ])ropoHitionH, tho Ho-callod Htoam repression-brakes; in these 
itioro \h no rovt^'Ming ; for oxamplo, von Landsee* proposes to fix on the 
<\ylindor n muHUid valv(\ tho otxHmtrio of which is fastened with an angle of 
fiflvttnmt i r- 0. In onh^r to Htop tho ongino, tho oxhaost-pipe is doeed, the 
(«hinf va]v(«-goiir pni at a high grade of expansion, and connter-steam 
ndniliiod ihrongh ihn mHHUid valve during tho whole stroke of the piston. 
I)ii(i ihn rtictant roptHmnion-brako of Messrs. Erauss and Co., of Munich, 
nppoat'M boftt io AtllU tho dt^niiHul ond.f Tho exhaust-pipe is in this case 
I'loNnd iowanU tho onUitlo, its insido is, however, brought into conmnmi- 
I'rtihin wlil» iho f(toain-M)HUH> of tho Imilor ; besides, no reversing takes place, 
btii ilio romilaior in chmod. Tho effect thus produced may also easily be 
(iMiotMiihird ill rough tmr valviwliagrain, but this is not the place to follow 
oni iliJM (ptoMilon : ivn<l wo rt^for ilion^foro for further information to the 
InitM't^wilng pnntphh'i by Vrt^fossor Lindo : * Ueher einige Methoden zum 
lh't*m»vn iltH' /.IHN »MM »/«Wo ami Kintf'tihahmiige, insbesondere über die Dampfre- 
pvpimii*ttii'lirt*miip, INi/, <SJ/i»/«i» der Lvcomotivfabrik Krause und Comp' 
Mum^hpH, I HÖH. 

* Mihnoth» nur U^ tUOVivuto« m«<thiHlc8 omploy^es pour mod^rer les vitesses des 
fmihK ttwv |»f»ntr^n <»t on i^mloullor »ur lo frt»iu in vaixjur, systöme A. de Landsee. 

f IhwrlhtHl tn • Kn^luooriuji,* vol. vi,, iv 475. — Translator, 
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The valve-motions, which we examined in the first Part of this book, 
were constructed in such a manner that the distribution of the steam 
was eflTected by means of a single valve ; if the movement of this 
valve is derived from a link, then it is even possible, as has been fully 
explained in the first Part, to reverse the engine and to make it run 
forwards and backwards with variable expansion. But experience 
and an inspection of our diagram, as given for the link-motions, shows 
in this case a peculiarity in the distribution of the steam ; for the 
iigher the expansion, i.e. the earlier the steam is cut off by the one 
valve, the greater the compression of the steam becomes behind the 
piston ; also, the valve then shuts the ports earlier for the release of 
the steam. The steam, which has to escape into the open air, is 
confined behind the piston, and the piston in travelling forwards com- 
presses it therefore till the valve opens the port for the admission, an 
event which generally takes place before the piston has reached the 
end of its stroke. But the compression of the steam requires power, 
which the engine under certain circumstances loses. This is the 
reason why many engineers declare the link-motions with one valve 
to be bad arrangements for producing expansion, and consider them 
only useftd as arrangements for reversing the engines. 

Much, however, may be said against the correctness of this 
opinion. 

First, it is well known that other constructions, for instance the 
double-valve motions, which do not cause the compression of the steam, 
or at least do so very little, could not at all replace at the present 
time the link-motions with one valve ; but that, on the contrary, even 
the more complicated valve-motions with two valves have been 
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abwuloned on tlie locomotive« of difil^^nt lines and the more simple 
Talve-motioiis with i>»e valve havo again been applied. 

Next, it ifi to bo obsenred that the locomotive drivera, Bho 
isye a special interest in making the best use of their Tslve- 
f HSV those grades of the link at nhich the influence d 
a ongbt to be very disadvantageous. 
. conclade at once from these statements, that sn 
essential loss of pover is not, at least nndcr all circumstances, pro- 
duced by the compression of the steam in consequence of a very 
early cutting off. But a closer examination of our diagram «ill 
also lead ua withoot an)'thing- further to the result, that the lint- 
motions with one valve may produce under certain circumstances sn 
advautageous distribution of the steam, even for a high degree of 
espatiaioD. 

The upper part of Fig. 8, Plate IT., represents the chief positioiiä 
of the piston in a valve-motion on Stephenson's system ; let bs 
examine the positions corresponding to the second grade of espansioD, 
The expansion begins at a, the compression at h ; the steam bes at 
the beginning of the latter a pressure behind the piston a little 
higlier than an atmosphere; the compression lasts until the pistOT 
has arrived at the position d, and then the exhaustion of the steam at 
once begins. If we imagine now that the steam at d has in caoss- 
quence of the compression attained a pressure behind the piston jnst 
equal to that of the entering steam, then we have produced to » 
certain extent by the compression fresh steam, which will give out it^ 
work at the next stroke of the piston. It is thus to be supposed at 
least, that the work expended on the compression is again given out 
to a great extent. That the steam at d may have a pressure just or 
nearly equal to that of the steam in the boiler, it is merely necessary 
to give to the so-called prejudicial space the required extension. 
This space is tlierefore without doubt of great importance and useful 
inflneuce in link-motions, and the diflerent opinions respecting the 
effect of the link-motions with one valve, as derived from experience, 
may perhaps be based upon the circumstance, that this space has not 
iu diflerent locomotives the cori'esponding size. 

But the calculation offers a better explanation respecting the 
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question here faised. Reuleaux first gave in his treatise * Ueber die 
Wirkung der Dampfvertheilung bei den Coulissensteueningen/ (On 
the Effect of the Distribution of the Steam in Liok-motions, puWished 
in the Civih'ngenieur, vol. iii., page 43), an exact account of the 
influence of the so-called prejudicial space upon the compression; 
and later, Zeuner in his book, * Grundzüge der mechanischen Wärme- 
theorie* (Principles of the Mechanical Theory of Heat), has fully 
explained the influence of the compression of the steam and of the 
prejudicial space upon the whole working of the steam-engine, so far 
as is possible at the present state of the theoretical foundations, 
supplied by the mechanical theory of heat. 

But this question is not yet decided, for correct and exact indi- 
cator trials are wanted; trials which should be undertaken with 
special consideration of those requirements which are demanded by 
the theoretical investigations. 

It is not the place here to enter more upon the question indi- 
cated ; it was only intended to state, that the valve-motions with two 
valves are principally indebted for their origin and application to the 
opinion, that the compression of the steam behind the piston, as it 
occurs in the case of the link-motions with one valve at a high degree 
of expansion, is disadvantageous, but that this opinion is by no means 
to be accepted as entirely justifiable. 

The one of the two valves, the expansion-valve, only effects the 
cutting off of the steam, and such an an*angement of the different parts 
of the valve-motion is therefore generally chosen, that this cutting off 
of the steam may take place either sooner or later ; or, in other words, 
the expansion is generally a variable one. The second valve, the dis- 
tribution-valve, f egulates only the beginning of the admission and of 
the exhaustion of the steam ; it generally has an invariable stroke and 
only small inside and outside laps. This distribution-valve is, in the 
reversing motions, moved by the link, which then generally only serves 
for the reversing, and is only used in its extreme positions. 

The disadvantage of the compression, supposing that we can, after 
what we have said, speak in general about such a disadvantage, cer- 
tainly disappears when a special expansion-valve is applied; but there 
now arises at once the other question, whether the advantage which 

M 
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M expert«! to cooMquaice of Uw tenanldt thit tnmfnoK» d <it 
■team, is not fMrttjr or pcrlwia «atirely eampeamted hj tfce t m a i if 
nUe loa of power wkidi ia coonected «itk t^ aoreateirt of a «MiJ 
TalTe. Oolj experience aod exact tikb caa gire a sotackn to ^ 
qneatim ; bot tbe experieooe already dah«d from loeotBotins m- 
dkal«a ibat valvA-motioos wHli doable Talre* are only af^ed whk 
adraotage at a iagk preamre of tbe steam, and that the link melim 
with one wave art quOe nißdeni for ate äeam jmamrea tmoflji 
emjJm/ed at the preaeni time. Bat as «Mm as tbe pressure in the 
boilers nf locomotirefl, — as lias already Bometimes been done sodwitli 
perfect mcPosB, — is increased to 10 and 12 atmospheres, the applira- 
tiou of a special expanaion-valre will become perhaps indispensable. 
At the prt'noiit ittiito of our kaowledge, respecting, the most advaü- 
tageouH mm of tlie Bteam power, everytliing indicates that a further 
progrpRH in the employment of »team is principally to he expected 
by applying «team of as high a pressnre aa possible, and by prodnmg 
tlma a bi|j;her, but more perfect, expansion. 

A lieginning has already been made in locomotives, and as soon 
as lliu application of ateam of a higher pressure than usual shall bara 
bncomo more general in these engines, valve-motions with two valveä 
will rocoivo, perhaps, more atteutioD, and will be also more frequently 
applied. 

Valve-motions with two valves shall, therefore, be examined in 
tho following I'art, in the same complete maimer as has been followed 
in thu ]''irat I'lirt in tho case of valve-motions with one valve ; butffe 
Imvo in tliis case, aa in the previous one, only to answer the question, 
whothor tho valve-motions with a separate expansion-valve, which 
uro principally applied at tbe present time, fulfil, with regard to 
construction, tlie conditions which are required in a correct valve- 
motion in order to produce a variable expansion. It is chiefly 
aecesaary that the steam may be cut off at any position of tbe crank. 
Tho following investigations will now show whether this is really the 
OMtt ill tho systoras applied up to the present time, and if not, what 
grade of t^xpftnaiorl may he produced by each system, or what improve- 
ments are allowable in the different constructions. 

But we shall examine only the most important of the valve- 
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motions with two valves as applied to locomotives, viz. those by Gon- 
zenhach, Meyer, and Polonceau, and shall consider them always as 
reversing motions, in which the distribution-valve receives its motion 
from a link. The more simple case, in which this latter motion is 
produced by a fixed eccentric, may easily be derived from the general 
one. After the following investigations, there cannot exist any 
difficulty in extending these examinations to other valve-motions, 
which have not been mentioned in this treatise. 

The manner of investigation will be different in this case from the 
previous one ; we shall give the theory and the practical application 
of the diagram simultaneously. The theoretical examinations are so 
simple, that every reader acquainted with the elements of mathematics 
will easily understand them. 



CHAPTEE I. 

Valve-Motion by Gonzenbach, 

Description of the Valve - Motion. 

This valve-motion is represented by Fig. 18, Plate IV. is the 
centre of the driving-axle, D the forward and Di the backward eccen- 
tric, D the eccentric rod of the first eccentric, Dj Oi that of the latter 
one. C Ci is a link, which moves the distribution- valve A in the same 
manner as in Stephenson's valve-motion ; but the link C Cj is in the 
present case generally not for the purpose of producing a variable 
expansion, but only for effecting either the forward or backward motion 
of the engine, or for bringing it to a full stop : this is effected by either 
quite lowering the link by means of the lever L and the rod K, so that 
the forward eccentric only governs the valve-spindle, or by quite 
raising the link, so that the valve receives its motion from the back- 
ward eccentric, or finally, by placing the link in its central position, 
so that the dead point J of the link drives the valve-spindle, and con- 
sequently, on account of the peculiar distribution of the steam which 
takes place at this position of the link, and which has previously been 
explained, brings the engine to a stop. 

But other positions of the link are generally not employed in the 

m2 
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jircscut valvc-iuotiop to govern thu noovemeatof tlie valve, bo as to 
produce a variable expanxion, as is the case in Stephenson's system, 
for Buch vuriablo expansion is produced by the expansion-valve B, 
which receives it motion in the following manner. The rod 1' E, 
which is fastened by its end E to a second link JI E, is connected 
through a pin F with the strap of the backward eccentric, and is thus 
moved backwards and forwards ; the link M E, wliich swings round 
the fixed point IM, thus receives an Dscillating motion. The end N oi 
tlie radius-rod N Q moves up and down in this link, and may be ßse.l 
in a certain position by means of the lever t aud the rod k ; the radius 
rod is connected at its end Q with the spindle of the expansion-valve 
B, so tliat the backward and forward motion of the point N is trans- 
ferred to the latter. Of course the nearer the point N is to the fixed 
point M, the smaller the stroke of the valve. Tiie distribution- valve 
A ia a common D valve, the outside and inside lap of which, however, 
is taken in the present case smaller than usual ; but the expansion- 
valve, which moves in a separate steam-chest upon the cover of the 
steam-chest of tlie distribution- valve, is a gridiron-valve. If the slots 
of the valve coincide with the openings a^ a^ in the partition between 
the two steam-chests, the steam enters into the chest of the distribu- 
tion valve ; and the expansion will begin as soon as the expansion- 
valve siiuts the openings a^. The slots in the expansion-valve, which, 
as well as the distribution-valve, is generally made of brass, are almost 
always a little larger than the openings a^. 



TJteory and Äpplicaiion of the Diagram. *^M 

Before we enter upon an investigation of the distribution of the 
steam as effected by the present valve-motion, and give a very si mple 
diagram for it, it is desirable to consider at first a more simple case, 
and suppose, therefore, the slot-valve to be moved by an eccentric, 
i.e. the expansion to be a fixed one. 

Fig. 39a shows the expansion- valve in its central position ; the slots 
are a little larger than the openings, a,, a„, for the admission of the 
steam, and the distance which the edges b b are beyond the edges 
c may be called e„. 
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If we now suppose the valve to be moved as much as the distance 
^0 towards the right-hand side, as shown in Fig. 396, the following 
relation, as will easuy be seen 
from the figure, takes place 
between the distance Oi of tlie 
opening of the steam-port a^ 
and the distances fo, Bq, and Uq, 

whence follows tKe opening of 
the port for the corresponding 
movement §) of the valve from 
its central position 

«1 = tto + Co - ?o ; (91) 

ao and e^ are constant values ; f o alters, however, with the turning of 
axle; this movement of the valve is now easily found from the angular 
movement of the axle in the following manner : — 

Fig. 40. 

y 





O B (Fig. 40) is supposed to be the direction of the valve-face, 
O Bo is the position of the crank on the dead point, and Do = ro is 
the eccentricity of the eccentric which according to our supposition 
moves the expansion-valve, and which forms with the direction of the 
valve-face the angle H Do = 90 — Sq. This angle is in a common 
distribution- valve equal to 90 -J- So, when So is called the angle of 
advance ; but in the present case it is better to fix the eccentric (as 
will be seen from the following investigation), not with an angle of 
advance, but so that the eccentric follows after the crank. 

If we suppose now the axle to have turned through the angle ©, 
the crank will then have arrived at the position B, the eccentricity 



haaBX-^ IT ^«nslz^ nd BD be 
I lo k Miiililj 1^ ^ ■■■«■■■I of Ife nlTC iB & = 
s O F, «r M n LwI'Mf to Ike <S">:^ 

it nf riw Tilrr i i n n ii^ T i^ fci thr la jTil i r mmrmfnt ' 

So lMÜhHiu g tlü nine in eqaackn (SIX «e get tfae caneEpoDding 
opening a, of the itesn-povt : 

«,-«, + ^-f,«.(--(^ (92) 

Tliii «xprenioB au; no«- agsin be rqireaested by a staple 
d'atgnm. 

£. = r,*»(»-3,> 

ia, ttc-ourding bj prerions invest^atioii^ noliiing else bot the polar- 

uqtiatiuii of two UiTigential circles of the diameter r,, the pole of which 

is at the point of contact, as 

the following observations will 

at once proTe. 

Draw in Fig. 41 the axes 
X and T i>erpendicuiar to 
tjach other ; draw next through 
another line D Di, so that 
the angle D Y = So and 
D = D D, = the eccentricity 
r„ ; if we now bisect I) O and 
OD, in C and C., and de- 
acribe from these points circles 

with -y- as radii, the chorda 

drawn from will then at once 
rii]iL'i'H<>iil, llin iiuivi'iiintitB of tiie valve. For if we draw through 
iiiiutlinr liiiu Ü Z nonutil to Ü D, then the angle Z X = S,, ; if we 
Wlpiiomi tliü om'iiti-ic rod to he in the direction X, and also the 
oriuik U Ito at tho »imo position on its dead point, and then tuiu 
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the crank in the direction of the arrow through the angle E,, R = 0;, 
the chord P again gives at once the movement fo of the valve 
corresponding to this angular movement of the crank. For if we 
connect also P with D, then 

O P = O D . «m O D P. 

But as D = ro and angle D P = angle P Z = 0; - S^, 
there follows, as previously stated, 

O P = To sin (w — 8^) = Jo ; 

a value exactly equal to that above given for fo« 

We have chosen r« = 0'050°^ (1-96") and S = 15°; the figure is 
drawn half-size ; the measurement of P gives now at once at the 
supposed position of the crank for the corresponding movement of the 
valve fo = 0-023°^ (0-92")u If we describe next from the circle 
Qo Qi Q with Q = «0 + Co as radius, we get : 

» 

QP = OQ — OPor according to the above 

Q P = «0 + ^0 - f 0, 

i,e, QP gives, aceording to equation (91), at once the opening, aj, o/the 
steam-port corresponding to the angular movement 0) of the crank. If the 
figure had been drawn full size, the measurement for the present case 
would give QP = a^ = 0*014™ (0*551"), as ao had been supposed to be 
0-030"» (1*18") and Co = 0-007°» (0*27"). In order therefore to ascer- 
tain for a certain position E of the crank the corresponding opening 
which the expansion-valve at that moment allows, it is only neces- 
sary to measure in the diagram that part Q P of the line representing 
the position of the crank which falls between the two circles O P D 
and Qo Qi Q. But the figure gives at once a full explanation of the 
working. When the crank is at the position O Q3, therefore as much 
as Q3 Qo before the dead point, the expansion-valve is just beginning 
to open the port, and it opens it the more the farther the crank 
moves in the direction of the arrow. If the crank has arrived at the 
dead pomt OEo, the measurement of QoPo (0*0235°» = 0*92") gives 
the opening of the port at that moment. Now, if we also describe 
from another circle with O S^ = S2 = «o = 0-007°» (0*27") as 
radius, and imagine the crank turned beyond the dead point as much 
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an tho angle Hi O Qo = Qi O Qo^ then O Qj is the positioii at which the 

]>ort 18 quite opeu, for according to the eonstmction Q^ 81 = a« = the 
width of the port. During the time the crank passes through the angle 
Qi O Q2, the port remains quite open, for Qi Si = Q2S2 = o^. As 
soon as the crank arrives at the position O Q2, the ralye again begins 
to shut the port, the closing continuing until the crank has airiTed at 
O Q4, at which position the port is completely closed, and at which 
moment the expansion begins. The expansion-valve opens again at 
the position OQs of the crank, and the whole procedure is repeated 
during the exhaustion of the steam on the other side of the piston. 
The simple diagram shows thus, in a very comprehensible manner, the 
distribution of the steam, as obtained from a slotted valve, and gives 
at tlie same time rules for the determination of the dimensions r«, 2^, 
^0, and a^,. A few words for the explanation of these rules may now be 
added here. Wo sliall suppose at first the dimensions of the valve, 
fur instance, a^ and e^i, to be fixed, as in the diagram Fig. 41, and 
shall, in imagination, alter the eccentricity D = ro, but without 
altering So. It will now be seen at once that, if we increase r© or the 
diameters O D and D, , the valve-circles will cut the circle Qo Qi Q* 
at points which are situated upon the circumference of the latter 
nearer to Qo than Q3 and Q4, i.e. a tetter expansion could he pro- 
duced, but the admission of the steam would commence later. The 
reverse would be the case, if D = ro were taken smaller than in 
the figure ; when ro became as small as is indicated by the diameter 
of the circle O Do, which is described from C« and shown in the 
figure in dotted lines, no expansion would take place, for the circles 
would not intersect each other any longer, and the valve wovM allow 
the steam to enter uninterruptedly into the steam-chest of the dis- 
tribution-valve. The effect of the expansioi^i-valve would thus be 
reduced either to widening or to narrowing uninterruptedly the 
openings in the partition; and the expansion-valve would therefore 
not only be inefficacious, but, moreover, disadvantageous ; and in order 
to prevent this, it is necessary to make always 

<*o + Co smaller than ro. 
This may easily be done for a fixed expansion ; but in the case of 
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a variable expansion, in which this variation is produced by means 
of altering the eccentricity, as is, according to the following inves- 
tigations, really the case in Gonzenbach's valve-motion, results will 
be obtained which are, as will be shown in the following, not very 
advantageous. 

If we suppose now the radius Q = e^, + ö^o» to be smaller or larger 
than taken in the diagram, but the other dimensions to be unaltered, 
the points of intersection Q3 and Q4 fall then on the valve-circles 
nearer D and D^, or nearer Q^ ; the admission of the steam being in 
the former case a longer one, and In the other case a shorter one, and 
the admission of the steam will commence sooner or later. The ex- 
pansion may be also altered in another manner, viz. by means of a 
variaiion of the value «o + ö^o = Q> ^.nd this is really the case in 
Meyer's valve-motion, as will be shown in another chapter. These 
preliminary observations show, therefore, already, that the valve- 
motions by Gonzenbach and Meyer are in general of the same nature. 
It follows also from the diagram of the alteration last supposed, viz. 
of the value «o + ^^o» that we must always have 

% + ÜQ smaller than ro, 

and that an uninterrupted admission of the steam will take place, as 
soon as «0 + öto becomes larger than r^. The manner in which an 
alteration of So, t.ö. of the angle which the centre line of the eccen- 
tric of the expansion- valve forms with the direction of the valve-face, 
made by taking 90 -j- So, instead of 90 — So, will influence and alter 
the distribution of steam, can easily be seen from the figure, without 
any further explanation. 

Before we enter upon the investigation of the general case, it 
remains to connect the diagram of the expansion-valve with the 
diagram of the distribution-valve, known from that which has pre- 
viously been stated ; we get thus a double diagram (Fig. 43, page 171), 
which shows in a very comprehensive manner the distribution of the 
steam, as produced by a simultaneous application of the two valves. 
The diagram is drawn for the case represented by Fig. 42. Two 
eccentrics are fixed upon the axle ; the one, the eccentricity of 
which Do = ro forms with the centre line of motion B, the angle 
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90 — So, moving the expansion-valve ; whilst the second eccentric, the 
eccentricity of which D = r forms with the same line the angle 




90 -f- So, moves the distribution-valve. This arrangement is now not 
met with in practice, at least not in locomotives, but we take it in the 
present case as an example, because the distribution of the steam is 
here exactly similar to that eflfected by Gonzenbach's valve-motion 
for locomotives, and the understanding of the chosen simple case 
greatly facilitates the study of Gonzenbach's valve-motion. 

Pig. 43 is drawn under the supposition that, as in diagram Fig. 41, 
the values ao = 0-030°^ (I'lSF), e, = 0-007°^ (0-27"), So = 15^ r,^ 
O'OSO" (1'96") ; in order, therefore, to ascertain the distribution of 
the steam eflfected by the expansion- valve, it was only necessary to 
draw the circles of the diagram Fig. 41 again in Fig. 43, and they 
are thus shown in the present diagram by thin lines. 

The diagram of the distribution-valve is added to this, and is 
drawn also half-size, according to the rules already given. It is 
shown by dark lines; and the following values for the diflferent 
dimensions have been chosen : — The eccentricity of the eccentric for 
the distribution-valve r = ro = 0-050°^ (1-96"); but the angle of 
advance S = 20°; the outside lap e = 0-011°* (0-43"), and the width 
a of the port = • 030°* (1 • 18"), and is therefore as large as the width 
of the openings in the partition between the two steam-chests. The 
angle Y O D has thus been made equal to S = 20°,' O D = Di = 
0*050°*, both lengths have been bisected in O2 and C3, and the valve- 
circles drawn from these points. Besides, we have drawn from 
circles with the outside lap OV = e = 0-011'° (0-43"), and with 
O U = e -f a = 0-041°* (1-614") as radii. 

Let us suppose the crank to be at first in the position O E« on ite 



Fig, 43. 
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dead point, and let it be afterwards turned in the direction of the 
arrow through any angle K« O E = w, then the diagram at once 
gives for this position E of the 
crank, according to that which 
has been akeady stated, the fol- 
lowing proportions, to which the 
measurements for the present 
special case are added. 

Movement of the distr3miion- 
valve from its central position O P 
= ■ 044™ (1 ■ 73") ; opening of the 
port for the admission of the 
steam = V T = ■ 030° (1 • 18") 
= a; i, e. the port is quite open 
at that moment, and the onter 
edge of the valve stands as much 
aBpT=:0 ■003'" (0-118") beyond the inner edge of the port. 

S = ■ 0225 (0 ■ 88") indicates at the same time the movement 
of the expansion-valve, and SQ^O-OISS" (0-68") the opening of 
tie port in the partition. It will thus be seen that that part of the 
centra line of the crank, which coincides with the part of the doable 
duigram marked by horizontal and narrow vertical hatchings repre- 
sents the opening which the distribution-valve allows at the same 
inoment for the steam to enter the cylinder. But that part which 
wincides with the vertical hatchings gives at once the opening 
»hieh the expansion- valve offers to the steam for entering into the 
«team-chest of the distribution-valve. During the time the centre 
line of the crank passes through that part of the surface of the 
diagram which is covered vrith narrow vertical hatchings, admimon 
of Sie tieam into the cylinder takes place. But in order to show still 
more the remarkable peculiarities of the double diagram, the chief 
positions of the crank shall be given more exactly, according to 
Fig. 43, when we only refer to that which has been already stated. 

Ej is the position of the crank, and Bo Ei the angle through 
which the crank has to travel before it arrives at the dead point, at 
the moment when the expansion-valve begins to open the inter- 
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mediate port and the diatribution-valve closes the two opeaings. B, 
(perpendicular to D) is the position of the crank at which tha di»- 
tribution-valve has arrived at the middle of its etroke. The expansdon- 
valve has already opened as mut^h as Sj Qa- O E3 is the position of 
the crank at which the distribution-valve begins to open the port, 
and therefore that at which the admissioD of the steam into the 
cylinder begins. O R« represents the crank on the dead potiU; the 
distribution- valve has in this case opened the port as much as Y^Pg 
(= lead), and the expansiou-valve the intermediate port as much as 

Soft, 

R4. The expansion-valve has just begun to open the inte^ 
mediate port, 

O Ej. The expansion-valve has arrived at the middle of ila 
stroke (O Kj perpendicular to Do). 

Bg. The expansion-valve begins to close again the intermediate 
port 

OB,. The port, which up te this time has been opened more 
and more widely by the distribution-valve, is now fully opened, and 
it remains /ma open until the crank has arrived at the position O Eip 

R«. The expansion-valve cnts off the steam. Beginning of&e 
expansion of the äeam. 

Bg. The distribntion-valve is farthest from its central podtioD, 
&c, &c. 

With reference to the exhaustion of the steam, as regulated by 
the distribution-valve, there is nothing to add to that which has 
been already stated. 

We may enter now, after these preparations, upon the investigatioD 
of Gonzenbach's valve-motion. 

Kg. 44. 
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The arrangement given in Fig. 18, Plate IV., is again represented 
in outline in Fig. 44. The centre lines of both the forward and back- 
ward eccentrics form, with the centre line of motion, the angles HOD 
and H O Di = 90 + S. In the figure the link C Ci is shown quite 
lowered, and the forward eccentric, therefore, governs the movements 
of the distribution- valve ; the engine thus stands m fore-gear. If the 
crank has travelled through the angle Eq O E = ©, OD has moved 
to O Djj, and the distribution-valve, like the point 0, has moved from 
its central position as much as Fa = r sin (o> -}- S) = f, it being 
supposed that r = O D represents the eccentricity. As this equation 
is the same as the one which we previously obtained for the simple 
valve-motion with one valve, the diagram for the distribution of the 
steam, as produced by the distribution-valve, is determined in the 
same manner as before. The circle described from C, and drawn in 
Fig. 19, Plate V., with thick lines, is thus the valve-circle for the 
distribution-valve ; the diameter D of this circle is taken equal to 
the eccentricity r = • 0675°^ (2 • 6"), and the angle T D = S = 18^ 
Circles with the outside lap of the distribution-valve 0V= e=0 • 0185™ 
(0-72"), and also with O U = V +V U = e -f a as radii, are next 
described from the point 0; a = 0*025°^ (0'98") represents the width 
of the port. The first circle is marked III. in the figure, the other 
one I. The part of the diagram above the axis OX, covered 
with horizontal hatchings, again represents, in the manner already 
explained, the openings of the ports for all positions of the crank for 
the forward motion, as produced by the movements of the distribu- 
tion-valve. If the link C Ci is quite raised, the movements of the 
distribution-valve are governed by the backward eccentric Dj 
(Fig. 44), and the engine stands in back-gear. If we suppose, fliere- 
fore, the crank turned baclcwards through the angle Eq E, the 
valve is again at this moment removed from its central position as 
much as F2= r sin (to -f S). This is the same equation bs above ; 
and the movement of the valve could therefore be examined, as has 
been done previously, by the aid of the same valve-circle as used for 
the forward motion. But the valve-circle shall be taken in this case 
for the backward motion in Fig. 19, Plate V., below the axis O X : 
we thus take Y^ D^ = S and O D^ = r. If O Eq represents the 
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lKx.ition of th,. omnk on the dead point, and if th. ^ i. ■ _ 
- "- ai..tiou or the am>w druwTin hTfigl^^i^ V^f 
ong.ne works in fon^^w, and the npper yfJlZJ ^ ^ " 
thiok lin«, n,>re.e«tJaa.>rding to kBo^^^eIX?«fT;. ^"^ 

the ftpiJiontiou of tho ox|Hinsion-valTe, ' 

ir tho link i. quite mL^ for the backward motion, the enrine 
work, .u lwk^g,H.r. tho crank moving from OE, in the direcüW 
th. urnm .hown in the tigtire by dotted lines, and then the ralr^ücle 
Am^txM Wlow O X. and drawn with thick lines, explains the distri- 
bntiim or the ^t^nmi as ivrvxUieed by the movements of the distribution- 
vbI^*^^' 

It wuKl net In? ntvessary. as ahready stated, to draw different 
diftirmuis fi^r the backward and forward motion, if we had to deal with 
the die^trihutien-valv^ only, for K^th circles are symmetrical to X. 
But the iH?culiar aoti^m of the movement of the expansion-valve, as 
suptHK^eil l*y 0\>tttettl>ach. requires this difference, as will be shown 
preijently» Next the equation for the movement of the expansion- 
valve i» to Ih> determineit in a general manner. As the motion of 
this valve dej^endsi on the |K>sition of the radius-rod N Q (Pig. 44)^ and 
varies ^^ the jxxint X 1$ placed nearer to or ÜGurther from the centre 
jioint M of the link it E, ^(X'cial notice has to be taken in the present 
case of the variable distance M N. which may be designated by u. 
Let the total length ^t E of the are or link be c, and the distance of 
the iH>int H (which marks the 1o¥c^poif^ to which the end N of the 
radius^roil N Q can be lowered) from the centre point M be M Ti=e\ 
In ortler now to obtain a better understanding of the movement of 
the v^ilvci. and esiH>eitUly to ascertain the influence of the position 
of the end N of the radius-rod N Q in the link, we shall divide the 
lengUi R[ H into a certain number of parts, in this case into four, and 
number them from SL We shall say, then, according to the position 
of the radius-rod, tliat the sliding-block stands at the first, second, 
third, fourth grade. 

We shall at first consider the link to be quite lowered, so that 
the engine works infor&^ear. If the crank has turned from its posi- 
tion Kt (Fig. 44), on the dead point, throng the angle B» O B= «^ 
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the eccentricity ODi will have moved to OD,. The point Ej is at 
that moment distant from its central position Eo approximately as 
much as Ei £«= F,= r sin (cd — S), and thus, according to the figure, 
towards the left-hand side. Thereby the movement of the point N, 
is equal to NoNi, and thus we have 

NoNi:EoEi = MNoiMEo, 

or, according to our definition, 

u 

Ni No = — . r sin (w — ^) ; 

but this is also, at the same time, approximately, the movement of 
the expansion-valve from its central position with a long radius-rod, 
thus the movement of the valve 

Jo = Ni No = - r sin (w - $). 

But in consideration of Fig. 396 (p. 165) we have for this movement 
fo of the valve the relation 

therefore the opening of the intermediate port corresponding to the 
angular movement o> of the crank 

u 
«i = «0 + ^0 ^ «*w (w — $), (93) 

This is the same equation as the one which we previously found for 
the case represented in Fig. 40 and examined in Diagram 41 , page 166, 

with this difference only, that in the present case — r appears in the 

c 

formula for r^. This value — r represents to a certain extent a 

variable eccentricity r^ , and as there have been supposed four grades 
of expansion, we have strictly taken four different valve-motions, for 
which, however, in this case only one single diagram is drawn. 

Let the sliding-block be at first at No. 4 or at H (Fig. 44), then 
u=Ci, thus 

- r = —r. 
c c 



rxLXZJSKAm «TTH TVO TjUTCK 

IT«« Mppow ibne Ti^BC* b> W kaovm, as far «maiile r,= 
(0-MO.« = O-aOCr (•l»^r=O-0ff;5-(aM'), the ende bcOl 
npMnoB-nlTa far d« tmtk prmie ami Ar««nl notiatt iithaij 
e abUhted boa the (fi^isB, Hg. 19, Plate V^ aecordhig totk 
whieh | wei iu M l y haa been explaiaeJ, ia the Miuwii^ maniifr: Make ' 



yOD. = Y'OD; = « = 18', 



O I). = O D , = -5^ » 



= 0-051- 



(0-21'). 

Biaect the (ibtauKs OD. and OIT, »ad describe abore and 
brio« the azia O X the TalTe-drclea naiked 4 in tbe figm«. Descnbe 
next from O the cirdes rV.and IL with the tadiL as supposed in tliii I 
eaae, 08=«, = '^'00375- and OQ=<v+ o, = 0-02875-, andlhe 
points of intersections of these fonr circleä th»!0 give, exactly in th« 
Hame maDoer as described in explaining Fig. 41, all occurreiK^es nith 
raipect to the distribatiun of the steam ae prodaced bv the expanMon- 
valve, when th^ »lidinff-UoeJe K of ike radiua-rod is at {he fourth grai^ 
If we combine these results with those of the diagram of the distribn- 
tion-valve for the forward gear, any question ivith regard to the fourth 
grade may, aa explained with regard to Fig. 43, easily be answered- 
In order to show the occurrences for this grade in a clear manner, the 
corresponding piirts of the diagram are again marked with Iiatcliings- 
If we therefore examine in Fig. 19, Plate V., the different positions of 
the crttuk and consider the parts which fall upon the spaces marked 
by hatchings, the openings of the ports, as produced by tbe two valves 
at the fourth grade, are thus at once determined. 

But if the sli'ling-block N is at the fliirrl grade (Fig. 44), we \a.\ 



:?^ 






1 



making, therefore, OPj and Or'3=r3=|OD, and describing the 
valve-circles marked 8 with D^ and D, as diameters, the points of 
intersection of these circles with those marked 11. and IV., explain in 
the manner already known the distribution of the steam for tlie 
forward gear, as produced by the expansion- valve at tlie third gniJp, 
'I'lio corresponiling parts of the diagram for the expansion- valve «ro 
ill this case not marked with hatchings ; the investigations belonging 
to tills case have already been made on the occasion of explaining 
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rig. 43, and we need, therefore, not repeat them here. The facility 
and certainty with which the distribution of the steam is ascertained 
for any grade of expansion will now easily be seen« 

If the sliding block N is at the second grade (Fig. 44), then w=| c^ ; 
"therefore^ according to the above : 

C * C '^ c 

IBut O D4= D 4= — r, therefore, for the second grade the diameter 

O Da = D2 of the valve-circle for the expansion-valve (Fig, 19, 

Plate V.) 

OD, = OD" = i.OD, = iODV 

Now, if we again bisect D2 and D 2 and describe the circles 
marked 2, we may easily explain the distribution of the steam as 
produced by the expansion-valve at the second grade. 

If the sliding-block N is at the first grade (Fig, 44), then 

w = i ^ij therefore 
-^r = i-y r = iOD, = iOD\ (Fig. 19, Plate V.) 

The circles described on Di and D'l and marked 1, are the 
valve-circles for the expansion-valve at the first grade. 

But the following simple rule for constructing the valve-circles 
for the expansion of all grades is obtained, as will be easily seen, from 
the preceding investigations. 

Make D4 = O D'^ = -^r; bisect these distances at C4 and C'^ 

and divide the distances C4 and C\ into as many parts as grades 
of expansion have been supposed (in the present case into four), and 
describe from the points of division Ci , Cs , C» , &c., &c., the valve- 
circles, which then give at once by their points of intersection with 
the circles 11. and IV. the whole distribution of the steam for all 
grades. 

The valve-motion under consideration shall now be examined more 
minutely. 

Let us suppose the sliding block N (Fig. 44) to be at the fourth 
grade, thus at the lowest point H of the link. If the crank is on the 

N 
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dead point, thus in the position Bo (Fig. 19, Plate V.), and if we 
turn it for forward gear in the direction of the arrow shown in full 
lines, the expansion begins, or the expansion-valve shuts the iDter- 
niodiato port, when the crank arrives at the position E*, i.e. when 
its centre line passes through the point Q^, at wliich the valve-circle 
(4) of the expansion-valve cuts the circle IL K* O B» is therefore 
the angle through which the crank has, at the beginning of the 
expansion, travelled beyond the dead point. The crank-pin circle has 
been described from O with B© as radius, and the line Lg L, which 
represents the whole stroke of the piston, has been drawn parallel to 

llo (Fig. 19, Plate V., above). Dropping, therefore, from K4 upon 

1 Jo L the perpendicular B4 L4, then Lq L4 is the distance travelled by 
the piston up to the beginning of the expansion, and Lo L4 : Lq L the 
proportion of the expansion at the fourth grade, forward gear. L0L4 
is taken equal to one decimeter, therefore the length Lo L4 expressed 
in decimeters is at once the proportion of the admission, in the pre- 
sent case = • 175. 

The circle 4 cuts the circle II. at Q« a second time ; the line 
Eg , drawn through Qg , represents the position of the crank, at 
which the expansion-valve begins to again open the intermediate 
port, in order to allow the steam to enter into the steam-chest of the 
distribution-valve ; a further turning of the axle and the corres- 
ponding movement of the distribution-valve admits from this point the 
steam into the cylinder. But we shall examine in the present case 
the action of the expansion-valve only, as that of the distribution- 
valve is already known from previous investigations. If we now put 
the crank back again to the position Eq , and place the sliding- 
block N, for the object of an altered expansion, on the third grade, we 
have to determine the points of intersection of the valve-circle No, 3 
with the circle II. Q3 is the first point, E3 is therefore now the 
position of the crank at which the expansion on the third grade begins ; 
if we drop upon Lq L, the perpendicular B3 Lg, Lq L : Lq L3 , or in the 
present case 0*275 is the proportion of admission for the third grade. 

It will thus be seen that the degree of expansion is highest on the 
fourth grade, but that a changing from the fourth to the third grade 
does not alter the degree of expansion considerably; as, for example, the 
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proportion of admission in the present case changes only from • 175 
to 0-275. 

If we now place the sliding-block on the second grade, we have to 
consider the valve-circle No. 2, But it will be seen that this does not 
cut the circle II. at all, and that, therefore, no cut-off of the steam is 
effected hy the exparmonrvaJve at the second grade ; for the expansion- 
valve allows the steam to enter uninterruptedly into the steam-chest of 
the distribution-valve. The action of the expansion- valve is therefore 
solely confined in this case to an enlarging andnarrowiug of the inter- 
mediate port ; the port is the least opened when the crank occupies the 
position D4, and thus has turned from the dead point through the 
angle E0OD4. The width, to which the expansion-valve at that 
moment has opened the intermediate port, is at once represented upon 
the line D4 by the distance Qo D2 ; the measurement of Qo 1^2 gives 
0-002°^ (0-078"), whilst the total width of the intermediate port 
0-025" (0-98"). If we raise the radius rod still more, perhaps to the 
first grade, the valve-circle for the expansion is still less likely to cut 
the circle II. The smallest opening of the port also takes place at the 
first grade, when the crank occupies the position D4; this opening 
being at that moment QoDi = 0-015" (0-58"). 

There follows the peculiarity that when the engine is in forward 
gear, as supposed by us, the cut-off is effected by the expansion-valve 
only at the third and fourth grades ; the expansion-valve is not only 
inefiScacious at the first and second grades, but even disadvantageous, for 
a temporary narrowing of the intermediate ports produces a very dis- 
adyantageous distribution of the steam. It will already be seen from 
this between what narrow limits the expansion in Gonzenbach's valve- 
motion is confined, and that care must be taken that the engine-driver 
is prevented from using the first and second grades, and that he has 
to raise the radius rod N Q (Fig. 44) at once as high as M, when he 
intends to work with full steam. It would be, therefore, unsuitable 
to divide the link into a certain number of parts, as we have done, 
and to choose an arrangement which allows to the driver the use of 
each grade ; but it is necessary to determine at first, either by ex- 
periments or by our diagram, the Hmits to which the expansion-valve 
may b^ applied, in order to produce any expansion of Ihe »team. 

N 2 
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The dügram ihovs that the poiat to wfaid the elide block N may Im 
niwd fran H, in order to ftoiaee alwayi an eipapajon of the steam, is 
■itaftted in tfae pnaent qwdal one between the second aud third grades. 
No point of tbe link between this poiat — ^wfaich is easily to be deter- 
niioMl ficconling to the foUowing investigations by means of tha 
diagram — and the centre point M is to be applied to governing the 
valve, and when the engine haa to mo without expansion, thus vith 
full steam, the slide-block N lias to be raised as near as poesibleto M, 
or an unnecessary narrowiDg of the intermediate ports is prodnced. 

But w hat are now the limits of the expansion ? The greatest 
ezpaitaion took place at the fourth grade, and it is therefore another 
question, what point of the link is to be used when the least expanaion 
ia to be produced by the expansion-valve ? 

Let us suppose the slide-block K again to be on the third grade, 
and the crank to be turned from O Eo , then determine the point of 
intersection V, of the valve-circle /or the dislrSmiion-valve with the 
circle III-, when the line O It„ drawn through Vu represents the 
position of the crank at which the äistrihviion<-alve begins to close 
the port in the cylinder. At the position Kj, however, the expaa- 
sioii-valve, as previously stated, opens, at the third grade, the inter- 
mediate port for the admission of the steam ou the other side. 

It will now be seen at once that this latter opening must not 
take place before the distribution-valve has closed the port upon tha 
other side, i.e. the angle Ej K„ must be absolutely larger than the 
nnglo 111 Ro, or else the steam would be allowed to enter the 
cylinder twice at the forward and backward strokes of the piston. It 
will thus bo seen that the expansion valve mud not op&n the inter- 
mvdiate port for ilie ad/inisaion of the steam upon the other side hefore 
the moment at which the diatribution-valve closes the steam-poii on the 
flril aide,' and this is the case when tbe crank occupies the position 
Ü I{». 1"ho centre Hue Hi of the crank cuts the circle II. at Q, ; if 
we draw through Q, and a circle, the centre of which is on tbe line 
Ü U, (shown in Fig. 19, Plate V., in dotted lines) C^ is the centre of 
this circle. This circle is then the valve-circle for the expansion- 
viilv(>, corrcspoiuling to that poiut in tbe link which is the highest to 
which tlio radius rod should be raised iu order thai the mt-off may 
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ie effected hy means of the expansiorhvdlve. But this point, marked 
in Fig. 44, Mi, is easily to be determined. If the required distance 
Ml M = t*, the diameter OD of the corresponding valve-circle is 
according to previous statements (Fig. 19, Plate V.), 

ODo= tt. ~ , 
c 

whence, from the measurement of Do = 0*038 (1*49") and r = 
0-0675 (2-6") and e == 0-300°» (H'S"), 

u = yODo = 0-168" (6-66") 

But the distance c^ = 0-240°» (9-44") is divided into four parts, 
thus each part = • 06 (2 - 36"), and therefore the distance M Mi = u 
expressed by such parts 

«* 0-168 ^ ^^ *! 

- = 2-80. 



icj 0-06 

If we divide, therefore, in Fig. 44, the distance between the 
second and third grades into ten parts, the point Mi, which is the 
highest to which the slide-block must be raised in order that the cut- 
off may be effected by the expansion-valve, is situated only 2 lines 
of division above 3. The limäa are, therefore, the points Mi and 
H. If the driver raises the slide block N only a little above Mi, the 
distribution of the steam becomes very disadvantageous indeed, for 
steam is admitted twice during every stroke, as will be easily seen 
from the diagram, if we consider that Q2 falls then still nearer 
towards Q0, and the expansion-valve then again opens the inter- 
mediate port before the distribution-valve has closed its port of the 
cylinder. The second admission of the steam into the cylinder takes 
place shortly before the distribution-valve shuts the port, fresh steam is 
thus once more admitted during the stroke of the piston into the cylinder y 
which is already filled with expanded steam. 

If the radius rod is still more raised, a point will finally be 
reached, at which the expansion-valve admits the steam unin- 
terruptedly. This moment may also be easily determined from the 
diagram. The diameter of the valve-circle for the corresponding 
position of the slide-block Qo = • 02875°', whence the distance 
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M M, s «,, of lliii poiat fnm U, « cakolated in the aben-pna 
BMOtier, eqnls 0- 127" (^ or ti» fiilinuM s, espnned m puls d 
the lesglfa H n = r, 

fr—- 

Tlic corrcspoiulii^ potut II, lies tben£xe at -^th of the distsnce 
2-3 toirardsS. 

The ilide-block N rnnst tberefore « mo am stand between tbe 
two points H, and >I> If the Llock is raised ahave H» an oniDt^ 
rapt«d and fall admission of the steam into the steam-chest of ihe 
distriliation-vnlro will take place, as already stated. The anthor hss 
ntado expeninciits with a model of the dimensions abore snpposed, 
and the results above giren, as veil as the following ones, have been 
etUirelfj c&nfirmed. 

We have next to answer the qnestion respecting the limits of the 
expamion. The valve-circle, which belongs to the farthest point M„ 
and the constmction of which has been above explained (shown io 
Kig- 10, I^ate v., in dotted lines), cats the circle IL at Qi and Qj 
and connecting Q, with 0, the position O R] of the crank rtpre- 
tarda the limit of the exjHintion ; less expansion is not allowed, for 
reasons previously explained. If we drop again the perpendicnlar 
Ri Li on Lu L„ then the corresijonding proportion of expansion 

J^' — ■ 320 ; whilfit it was at tlie fonrth grade ^^*~ = • 175 ; ei- 

ptiDBion ia thus only to be used in the present valve-motion between 
the limits 0'175 and 0'320, whence follows that the expansion in 
Oonzenbach's valve-raotion in the forward motion of the locomotives 
is BO littio variable that it scarcely can be caJled a variable exparmoa; 
espocially if we conaiiler that the limits during the nmning of the 
engine, on aoeount of the movements of the slide-block N in the link 
are drawn still closer together than is the case in the diagram. 
This fact in to bo accepted us general, altliough it is based upon a 
special ciise. Tlio author has altered the elements on all sides, and 
has fonnd ttiat no dimcnaiiins of the valve-motion examined in this 
present case could have been chosen more advantageously (the vridth of 
the intermediate ports only might have been taken a little less), and 
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DO better results would have been obtained. The driver mvst work 
the engine either with full steam or with high expansion — ^he has no 
intermediate state at his disposition, if he cannot alter the ^position of 
Ohe link C C^ in a corresponding manner. 

We have next to examine the backward motion of the engine. 
The diagram for the expansion-valve does not alter in this case ; the 
Talve-circle of the expansion-valve, given for the different grades, are 
correct for the forward and backward motion ; for the distribution- 
Talve, however, that valve-circle is now to be used which lies below 
the axis X (Fig. 19, Plate V.), and which is shown in thick lines. 
The relative position of this circle to the valve-circle of the expansion- 
valve is, however, now a different one to that for the forward motion, 
whence again other proportions with respect to the distribution of 
the steam are produced, which shall be explained in a few words. 
Let the slide-block N be at first at the fourth grade, and the crank on 
the dead point O Eq (Fig. 19, Plate V.). The two valves have opened 
at that moment, and if we now turn the crank in the direction of the 
arrow shown in dotted lines, the expansion-valve will be closed 
when the crank has arrived at the position OE'4, which passes 
through the point of intersection Q4 of the two circles 4 and II. ; the 
action of the expansion begins at that moment, after the piston has only 
travelled the distance Lq L 4 (compare the lower part of the figure). 
If we turn the crank as far as O D', the two valves are then at this 
position most distant from their central positions. Of course, the 
distribution-valve has fully opened the steam-port, but the expansion- 
valve keeps the intermediate port closed. If we turn the crank as far 
as O B'e, i.e. to the second point of intersection Q'g of the valve circle 
4 with the circle IL, then the expansion valve begins again at that 
moment to open ; but as the distribution-valve has not yet quite closed 
the steam-port, for the openings amount still to V'l P^ = • 017°*, steam 
enters during the angular movement of the crank from O R'g to 
O R 2 for the second time on the front of the piston, and the cylinder, 
which is already fiaed with expanded steam, is thus filled once more 
with fresh steam, as was the case during the forward motion when the 
slide-block occupied a position between Mi and M2 (Fig. 44). 

The same effect is produced at the third grade backward 
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motion ; the cutting-ofiT of the steam takes place in this 
tlie Clank occupies the puaition R'^ ; but the expansion-Talve opena 
■gain O R'fc. and thus, when the steam-port is still fully uneoverd 
by ihu diätriltutioD-Talve. Admission of the sieam thus takes place a 
9teond time in this case also during the augulur movenieat E'sOE'^ 
The espaneioQ begins at the positiou L'3 of the piston. But this 
expaofiion ia in the two cases of no use, for the steam entere a seconJ 
time at the fourth grade whilst the piston travels the distance h\h'-, 
and at the third grade whilst it travels from L'5 to L'^^ The disfaneea 
travelled by the piston, during which steam enters, are marked ia the 
lower part of Fig, 19, Plate V., by horizontal hatchings. 

Whilst therefore the espausion- valve, working at the fourth and 
third grades, produced during the forward motion an advantageona 
distribution of tlie steam, it gives during the backward motion a dis- 
tribution BO exceedingly disadvantageous that the driver ought not on 
any account to use these two grades for the backward motion. I^t 
UB suppose, for example, that the locomotive has to run fixim a station 
for a loug distance iji back gear, and the driver raises the radius 
rod completely, so that the eugino starts without expansion. In 
onier now to modify the action, we suppose him to bring the shde 
block to the third grade ; of course the action will thus be diminished, 
but the consumption of the steam will be as great as under foil 
steam, and all parts of the valve-gear are subjected to a most extra- 
ordinary wear and tear. Admission of steam, for example, takes place 
at the third grade, from L',, to L'j, and expansion acts from L'3 to L'5. 
If we suppose now, for example, a pressure equal to six times that 
of the atmosphere, then we have, on account of the proportioa 
L'j L'j : L'o L's = Ü'055 : 0*715, the pressure shortly before the position 

L'a of the piston, not higher than about "^ — 6 = 0*46 times the 
715 

pressure of the atmosphere, therefore much less than the counter- 
pressure. Now, fresh steam of a pressure equal to six times that 
tif llio atmosphere enters at the position L'j of tlie piston suddenly 
into this space, fills the whole capacity of the cylinder and drives 
(l»o piston nearly to the end of its stroke, when the steam escapes 
iuto tlie open air. If the valve-gear is so arranged that the 
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diver cannot nse the disadvantageous points of tlie link, then this 

occurrence may be prevented in the forward gear, for which we 

found a similar fact at certain positions of the radius rod. But this 

is not possible for the backward motion, for in this case the points 

3 and 4, which have to be used for the forward motion, are the 

disadvantageous onea It may therefore occur that engine drivers 

who are not acquainted with the peculiarities of the valve-motion 

of their engine^ drive the latter in back gear in the manner above 

described, and thereby diminish the effect of the steam; but the 

shaking of the engine will certainly be so violent, when the steam 

enters the second time, that the driver will be cautioned, at least 

by this, to «se the proper points only. 

But if he now brings the slide-block on the second or jfirst grade, 
the same disadvantageous distribution of the steam takes place in this 
case. The two valve-circles 1 and 2 do not cut the circle 11., whence 
follows that the expansion-valve, just as was the case during the for- 
ward motion, allows the steam at these two grades to enter the steam- 
chest of the distribution-valve without interruption, and that the 
expansion-valve also in this case is not only useless, but that it 
makes the distribution of the steam even worse by narrowing unne- 
cessarily the intermediate ports. 

It follows, therefore, that the driver, during the backward motion, 
must use none of the points of division of the link for the move- 
ment of the valve, but that he most decidedly must run with full 
steam, if we suppose that the link C Ci cannot be moved in a cor- 
responding manner. This disadvantage of Gonzenbach's valve- 
motion is certainly important enough; of course practice starts 
with the opinion, that the distribution of the steam during the 
backward motion need not be so advantageous as for the 
forward motion, because the locomotives run generally but short 
distances only in back-gear. It is, nevei-theless, very inconvenient 
that the whole mechanism by means of which the variable expan- 
sion is produced should become thus useless. Besides, if we consider 
the chief results of our investigations for the forward motion, ac- 
cording to which the expansion is confined between very narrow 
-limits, the engine has to run only with very high or without ex- 
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pannon, uiifl Uift difltributiow of the steam becomes tliorooglily lad, 
wbon the nutiu» rod in raised only above tim point M, (Fig. ü), and 
not at once aa high as M. then we may with full right call Gonzen- 
bacb'a vake-molion an imperfect one, and agree perfectly with those 
engineers who prefer the simple link-motion by Stephenson. It is 
already well known that Gonzenbach'a valve-motion is an imperfect 
one, but our diagram proves tliis iact, perhaps in a still higher degree 
than has been done by those who hare examined the action of this 
valve-motion by the aid of models. 

If we examine the diagram more minntely, we shall soon find that 
an alteration of the different parts will not improve in the lefist the 
baekwani motion. The forward motion might be improved a little, it 
the width o^ of the intermediate ports, and thus the radios Q, was 
tiikpn a little smaller; but this will be all. It seems also that the 
increasing of 8 will improve it ; but if we consider, as may easily be 
explained in the diagram, that we have then also to increase the 
outside lap of the distribution-valve, on account of the lead, and 
that thus the action of the distribnt ion- valve is deteriorated, it will 
be seen at once, that the different dimensions in the present case 
liave been chosen so well that they are altogether those calculated 
to effect the best distribution of the steam of which the whole 
arrangement is capable. Of course, the most unfavourable investi- 
gation of Gonzenbttch'e valve-motion, as given above, is based upon 
the supposition, that the variable expansirm is onl^ to he produced 
by the ex pan si on -valve and that the link, which governs the diatri- 
bution-valve, is only to bo used at the extreme grades, thus either 
quite lowered (forward motion) or quite raised (backward motion), 
But the matter will become much better, if we use the link itscU 
(which is in the present ease that on Stephenson's system) simulta- 
neously with the mechanism of the expansion- valve for producing 
a variable expansion ; the mechanism of the link is tlien to be 
arranged similar to that of the simple link-motion, but the arrange- 
ment has to be such, that the expansion-valve can be put entirely 
out of action, so that it may not move backwards and forwards in a 
iiaelcss and disadvantageous manner. But this is easily attained ; 
the oscillating arc M E (Fig. 18, Plate IV.) has only to be con- 
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structed in such manner that the slide-block N of the radius rod N Q 
of the expansion-valve may be raised exactly to the fixed centre M, 
when, consequently, the expansion-valve will be put out of action 
during the movement of the engine. Gonzenbach's valve-motion 
would then be used in practice in the following manner : — 

If it is required to drive forwards with high expansion, thus with 
an early cutting-off of the steam, then the link is quite lowered and the 
expansion-valve is brought into action by lowering the slide-block N 
of the radius rod N Q of the expansion-valve (Fig. 18, Plate IV.), and 
bringing it (in the above example) on the third or fourth grade. 

If, however, a greater power of the engine is required, thus a 
lower expansion, then the expansion-valve is put out of action by 
raising the slide-block N exactly as high as the fixed centre M of the 
link M E, and altering simultaneously the position of the link C Ci ; 
the expansion is thus produced only by the distribution-valve. 

The expansion during the backward motion is only to be produced 
by the link, for, according to former investigations, the use of the 
expansion-valve is by no means allowed for this motion when in 
backward gear. 

Gonzenbach's valve-motion, as a valve-motion for locomotives, is 
without doubt the most simple of the three double-slide valve-motions 
which we shall examine in this treatise ; but it is certainly also the 
most imperfect one, and especially because it fails entirely during 
the backward motion of the engine. It is, however, equal to any 
other double-slide valve-motion, if applied to stationary engines, 
which always run in the same direction, or if used for fixed ex- 
pansion. 



CHAPTER II. 

Valve-motion hy Meyer. 

Description of the Valve-motion. 

The valve-motion by Meyer, which was first applied in the year 
1842, produces a variable expansion by means of a special and 
peculiar expansion-valve B (Fig. 20, Plate IV.), which moves on the 
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movement of the plates of the expansion-Talye ; a certain position of 
bliese plates, and therefore also of the hand-crank, corresponds to a 
zsertain grade of expansion. The expansion-valYe is generally moveii 
by means of a special eccentric D, and the eccentric rod P Q ; tlie 
eccentric is £ftstened to the axle with an angle of advance of nearly 

The expansion-yalve was also formerly often moved backwards 
and forwards by the cross-head of the piston-rod ; the one end of a 
double lever was then connected with the cross-head, and the other 
one with the yalve-spindle of the expansion-valve. The movement 
of the valve was then the same as that produced by an eccentric, 
having an angle of advance of 90^ 

If we now suppose the link C Oj to be quite lowered, then the 
forward eccentric wiU produce the distribution of the steam through 
the distribution-valve. But, as stated previously, the expansion- 
valve, which receives its motion from a special eccentric, moves on 
the top of the distribution-valve. If we next, in imagination, remove 
the two plates <; e of the expansion-valve to a certain distance from 
each other, the distribution may then under this supposition be 
determined quite generally for any position of the crank. The 
general solution of this problem seems to be very complicated; 
but if we apply to the present case the method which is known 
from the investigations of the principal valve-motions, we obtain 
the law of the distribution of the steam for a given case, and the 
dimensions of the different parts of a required valve-motion, which 
has to ftdfil certain conditions, are then obtained with remark- 
able facility and precision. There exist different opinions respect- 
ing the effect of Meyer's valve-motion, as many engineers consider 
the limits of the expansion to be too confined ; but this is only the 
case when the different dimensions are chosen in an unsuitable 
manner. 

The following will show that Meyer's valve-motion will admit, 
under quite fixed conditions, any grade of expansion between and 1, 
at least for the forward motion of the locomotive. Of course, the 
conditions which could effect this have been seldom perfectly fulfilled 
in practice up to the present time, for the influence of all the different 
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graphical manner. At first, however, we shall examine more minutely 
tlie reciprocal positions and arrangement of the two valves. 

The two valves are represented in Fig. 4Ö in their central posi- 
tion, and we shall suppose that they are not connected with the 

eccentrics, as they in that 

' •' Fig 4Ö 

case could never occupy tlie 

poeitioD with regard to the 
valve-face on the cylinder 
shown in the figure. We 
shall next suppose the two 
plates of the expansion-valve 
to be drawn closely together, 
so that their inner edges touch each other. Let the length of one 
plate be M E = M E, = ^, and the distance of the outer edges F and Fi 
of the openings in the distribution-valve from the centre M be M Fj 
= M F = L. The two valves in Fig. 47a are also drawn in their 
central position, but the two plates of the expansion-valve have in 
this ease been each moved 
irom the centre as much 
as the distance x, the two 
edges E and E, are there- 
fore distant from the outer 
edges F and F, of the open- 
ings in the distiibution-valve 
as much as F E = F, E, = 
L — ? — a; = y. 

The two valves shall now 
be moved from the centre 
to their actual positions cor- 
responding to any angular ' 
movement <u of the crank. The movement of the distribution-valve 
from its central position was according to Fig. 45 for the angular 
movement Bg B = <u 

and that of the expansion-valve 

£. = r,«»(»-j-S,). 



Fig. 47 a and b. 




IM TALVK-OEARS WITH TWO VALVES. 

If wf» mpfim^, th^fftfofft, the two yalTes to be eaimected wni». 
th^ir f^r'/'^Titricj», th«n thf^ will occupy for the angular moTemeat «^ 
fh^ ji<mif.ioTi r^^fJW^Tit^jd in Fig. 4:7b. The distribtitionrvad:?e has 
ih\n V4y^ m<r7^l from itJi central po«ition as much as XH^ ^ g. 
f h/» Mrf>nn«ion-vfilro ft« miicii a« M M« = 5^ 

Jf wfi call, according to Fig, 471, the opening of tibe 
in fh^ <li<«trilintion'rftliro at that moment on the I^t-hand ade «i, 
fho following nOation will at onco easily be understood: 

«i + f - y + fi»«' 

«I - y - (? - &)• 

Milt W0 hav0, a« will lio noon from Fig. 47a, 

nhM\(Hy ftillown: 

„. ^ L . Z - aj - (0 - ?.)• (r) 

lint tlir» yalno of a», and thu« al«o the value L — ? — « is always 
knowtii and \i i(< condtnnt in any existing yalye-motion for a fixed 
(lOnltlon (»f Hi<^ j»lat<»f< of tho oxpansion-valve. The opening «i of the 
port. In ilio <llnU'lliutlon-valvo may therefore be calculated, according 
t^i ("(ttmtlon y. for any angular movement a>; for the values ^ and ^o 
amy lio otiialnod by o(|uations a and fi. 

hni thiN dtitortnination is obtained more easily and quickly by 
tnmtiM of tho diagram, whl(3h is drawn halfHsize in Fig. 48 ; in order 
t'O dliütlngtitNh Movoral results bettor^ we have at once chosen for the 
dllTt^ront dimensions ilxod values. The eccentricity of the eccentric 
fiir the distrlbuilon-valvo is r = 0*050« (1-96"), that of the eccentric 
fiir til« expansion-valve r^wB ()'040*" (1 -87"), the angle of advance of 
the foruier fi m Ift^, that of tho other eccentric So = 60°. Next> the 
outside lap of the distribution-valve is d=0-OW (0-39"), and 
the Inside lap i -> 0. (Hoc P'ig. 46, p. 191.) 

In order to dotermino in a graphical manner at first the move- 
ments of tho two valves for any angular movement w of the crank, it is 
neeessary to pnwood, according to rules formerly given, as follows : 

Lot be tho centre of the axle (Fig. 48), X the direction of 
tho valve-face, and Y perpendicular to it. Make now Y O D = S 
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and YODa = So, next the distances OD =r nad ODo= r„, end 
ilescribe circles od O D and ^0 D« as' diameters. The circle on D 
is the valve-circle of the dis- p. ^ 

tribtttion-valve, which explains X 

in a known manner, in con- 
nection with the circles de- 
scribed from O (O V = e) with 
the outside and Jnside lap as 
radii, the distribution of the 
steam, as the distribution-valve 
alone would produce. We 
shall not explain this distribu- 
tioQ of the steam in the present 
case any further, as we should 
only have to repeat that which 
has been already stated on 

former occasions ; but shall remark only, that the distribution-valve 
begins to open the steam-port in the cylinder for the forward motion 
when the crank occupies the position O Vj or O B, and that it closes 
the port at the positions V« or O B« of the crank. 

We have therefore in the present case only to examine the action 
of the expansion-valve. K we suppose the crank to have travelled 
&om O X through the angle X O Bi = <», then, as is known, the 
chord O P represents the movement f of the distribution-valve from 
the centre of its stroke ; but in the same manner it follows that the " 
chord O Q of the circle II. represents the movement fo of the expan- 
sion-valve for the same moment, and the value of ^—^g, which appears 
in equation y, is thus already determined by the diagram. We 
have thus 

(. e, the difference between the movements of the two valves is equal 
to that part P Q of the centre line O Ei of the crank which falls 
between the two valve-circles I. and II. As now also h ~ I — x = y, 
as formerly sapposed, the opening «j of the port in the distribution- 
valve is thus known for any angular movement tu, namely — 
a, = y-TQ. 
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But it is more convenient for practical use to measure aj directly from 
the ilirtgram, according to the following nde : — If we mark upon Ki 
from O the distance P Q, so tliat Z = P Q, then we may prove that 
the ditVerent values of OZ = f — |o, which belong to corresponding 
angular movemonts of tl\e crank, are again chords of a circle (lU.), 
which has a remarkable relation to the two valve-circles. K we put 
O Z = f s» then, as Fig. 47i will prove, ^x= ^ "" ^o is nothing else hvi (he 
(?iW<imv o/the eetUre of the ex^nsion-valve from the centre of the dü- 
fribiUion-i\th*efor the correspondinff position of the crank. 

But from equatitm fx = f — fo> we have, according to the given 
values of f and fo* 

r^ = r fiH {$ + a) — To «n (^o + ^) or 

J« = — (•** «» ^9 ^ r fin S) cos (v -{- (r COS $ — To COS $o) sin w. 

This equation expresses for any angular movement the rdative 
moiH*nheiki of the e^pansion-valve with respect to the distribtUuynrvalve; 
thus nothing is altered in the whole occurrence, when we suppose the 
didribution-valve to be otU of action and the expansion^aive to he nwvei 
according to the law of the equation above given. 

But this law is very simple. If we put 

r, sin $0 -^ rsin$ ^ A 

r cos $ ^ r^ cos $0 = B, then follows : 

f , = A cos M -^ B sin w. 

But that is again, as proved formerly on several occasions, nothing 
else but the polar equation of two circles which touch each other, and 
the pole of which lies at the point of contact. These circles are to be 
laid down, as is well known, in the following manner : — 

Make Zo = A (Fig. 48) (this value is to be marked from 
towards the left-hand side, on account of the negative value of A) 
and Zi = B, and draw through Zo and Zi a circle. If we now 
produce the diameter D^^ beyond 0, make D ^ = D,, and 
describe also a circle over D x as a diameter, then these two circles 
are the required ones, and those parts of any centre lines of fk» 
crank which faU inside these circles, represent at once the distances 
of the centre of the expansion-valve from the centre line of the distrt- 
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hutionrvalve. The upper circle O D, represents the positions from Mi 
(Fig..47i) towards the left ; but if the centre line of the crank passes 
through the circle D x» then the corresponding part represents the 
movement towards the right. 

The two circles explain, therefore, all questions with reference to 
the relative positions of the expansion-valve and distribution-valve. 
But before we proceed to apply these results to practical cases, we 
shall give a more simple method for the construction of these auxi- 
liary circles. 

At first, with reference to the diameter D^ of this circle, we have 
(Fig. 49) 

OD, = VoZo»4-OZ,« = V A» + B« 

or, substituting the values of A and B, as above given : 



O D, = V (tq sin $0 — r sin $y -{- (r cos 8 -~ r© cos ^o)* 

or after sufficient evolution : 

O D. = Vr* + To'- 2 r To cos (^o - ^). 

The required diameter is thus next obtained in the following 
manner : — According to Figs. 49 and 48 

O D = r, O Do = »0 and 
angle Do O D = ^o - ^, 

ihe comiecting line DDqo/ the end points of the centre lines of the two 
eccentricities is therefore, without anrßhing further, the required diameter 
Dx = D X = r^i^of the auxiliary cirdes III. in Fig, 48. But the 
position of this diameter is determined in a manner equally easy. If 
we call the angle Dx Y, which the diameter D^ forms with the 
vertical axis S^, which angle in this case, as in previous investigations, 
may be called the angle of following, then we have : 

Djs Zi A ro sin ^o — ** **w ^ 
^^ * "^ OZi "^ B" ^ rcos^-^r^cos $^' 

If we draw through D and Do, in Fig. 49, the horizontal lines 
E G and Do Eq, and through Dq the vertical line Dq G, then is D G 
= Do Eo - D E = ro sm So - ^ sm S and Dp G = O E - Eo =; 

oa 
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r COS S — Tq cos So, or because ^^ D Do G = "ttttj it follows that the 

angle D Do G is equal to angle D, Z^ = S,. 

There thus follows this simple rule for determining the position 

and the diameter D, of the 
third valve - circle : Draw the 
crank R on the dead point 
and mark the eccentricities OD 
= r and Do = ro of the distri- 
bution-valve and of the expan- 
sion-valve according to the re- 
spective angles of advance ; then 
if we consider the eccentricity 
^ OD as the diagonal and ODo 

as the side of a parallelogram, we have next to construct to this 
parallelogram the second side OD,, which is at once the required 
diameter in respect to size and position. Whilst thus a circle on CD 
gives for any position of the crank the movements of the distribution- 
valve from its central position, and a circle on Dq the corresponding 
movements of the expansion-valve, the relative movements of the expm- 
sion-valve with respect to the distribution-vdlve are obtained by the 
circle on OD.. The coincidence with the general laws of the rela- 
tive motion is in this case of great interest. 

We shall return again to Fig. 48, p. 193, and suppose the crank 
to be turned from the position X on the dead point through the 
angle R^ O X = o) ; then we have according to the above : 

P = f the movement of the distribution-valve 1 towards the 

Q = f tl^at of the expansion-valve J right. 

Z = f , the movement of the latter with respect to the former 

(towards the left). 
As the figure is drawn half-size, the different dimensions may be 
obtained directly by measurement. 

These preparations being made, it is easy to determine the size of 
the opening Ui of the port in the distribution-valve. 
• We had 

a^ = L -« Z - a? - (f - Jo). 
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Describe a circle with OU = OUo = Ii — ? — a as radius. As 
we have found for the supposed angular movement Z = ^, = 
I ■" ^oj we get now at once 

ÜZ = OU-OZ = L-Z-aj-(f -fO = «1» 

i. e. JJZ is the required opening a^ of the port, or, moreover, the distance 
at that moment which the edge E of the plate has travelled beyond the 
edge F of the port (Fig. 47a). Of course, if this distance is larger than 
the width' a^ of the port, the latter is quite opened. 
We have 

L = 0-120" (4-72"); I = 0-070" (2-75"); x = 0-020" (0-78") 

the width of the port in the distribution-valve 

tto = 0-018" (0-708"). 

and the other dimensions are as foi-merly supposed. The value of x 
indicates, as is known, that the plates of the expansion-valve have 
moved so much towards the outside ; this value is the only one vari- 
able in Meyer's locomotive valve-motion ; but we may take it for the 
present as constant, and put it = • 02™ (0 • 78"). 

Fig. 48 explains now the whole distribution of the steam. 

Let the crank be at first on the dead point, thus at the position 
O X ; the distribution-valve is at this moment distant from its central 
position as much as ^ = Pq towards the right, and it has opened the 
steam-port as much as the lead Vo Po = - 003°^ (0 • 118"). 

The opening of the port in the distribution-valve on the same side 
is obtained by the formula already given, namely : 

tti = L - Z - a; - (f - fo) 

In this L — ? - a; = • 03°^ (1 * 18"), and according to the above, 
because 

g — Jo = {u «*w ^0 — ** «*w 5) COS cvjj^ (r cos h — r© cos ^o) sin uj, 

lor Ö) = 

f — go = — (**o «*« K — r sm $), 

i, e. the value of ^— fo is negative, whence follows 

a^ = It — I -^ x-^-r^sin $Q — r sin S. 
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iJfjt ft/f»rwlinK Ui Dm Fignre, L - / - » = O U,» and a* O Q, = 
»i» g,; O (\ = r «» £, and l«w»e OQ. - OP, = OZ, =OZi: 

'Hm rn^-wcmün'Tiit ffiv'« fif th» Tal« 0-Ö51" (2^), w&ilat the 
«idtb (rf tbe port H onlf 
'^'J*"' 0-01*» (O-TOe^. The pot 

on tl« left-liuid ^e i^ the 
distribfitioa-TalTe is Aetdiwe 
quite opened at the beginning 
of the stroke. If we torn Üie 
crank as far as O R| , then XT Z 
was the opening a, ; and mea- 
Borement gires in this case at 
= UZ = 0-013- (0-51"). 

The ralne O) thns follows 

next for the forward motion of 

the piston, when we measure 

' on the centre line of the crank 

ffirn llif" clninniforntico of the circle U Uo fo the poini of tTUersedm 

with lluf iipjmr valve-oirclo 111. ; the point of intersection Z may be 

nitimtml rillinr on tiiio or the oUior side of 0. 

Tlic r-lrclfw ititimt*«! bolow OX expkin the distribution of the 
ntcMii iiir tlie Ifnckwnnl motion of the piston ; of coarse the occnr» 
rptu'PH urn tJit) Nitiiii' ill tho two cases, with this difference only, that 
wn lint« Ui i-riiiHiil(tr in tlio one cnso the ports on the left-hand Edde, 
niitl in ilin citlicr tlio {HirU mi tlio right-hand side. 

Wn linvn nlwi iiiiu'hml in Fig. 48 from U towards O the width ä 
tlin |i..rt tt H =■ rt,, «a (t-dlH'" (0'708"), and have described a circle 
witli O H lut rniliitn ; wn Inivo tliUB obtained a complete imdeistandisg 
(if 111» (tlHtrllititiiin of the strani, as we have marked that part of tb> 
It^inn wlili'ti iforiH-NjHmilM with the openings of the port in the 1^ 
hiiiiil i>lili> lit' llio (liHlribi)tion-valve, with horizontal hatchings, ai 
tliitt iHirt for till' ]K)rt on tlio right-band side in the cylinder wiA 
verticil! hnl-chiiig«. ('I'lio niirrow hatchings in the Figure have t» 
rrproscnt vortioal as utll at horizontal hatchings.) Beside^ ^ 
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whole distribution of the steam through the distribution-valve is re- 
presented by the Figure in the manner already known : the upper 
valve-circle I. represents the forward motion of the piston (from the 
right to the left) ; the lower one, the backward motion. 

The following are the results obtained for any position of the 
crank: that part which falls into the space covered with horizontal 
hatchings gives the openings of the port in. the left-hand side of the 
distribution-valve, that one falling into the space covered with ver- 
tical hatchings gives the openings of the port in the right-hand side. 
If the centre line of the crank cuts the upper valve-circle I., then the 
steam-port on the left-hand side in the cylinder is simultaneously 
open, whilst if it traverses the lower valve-circle I., the steam-port 
on the right-hand side is open. 

If we now follow the crank from the dead point, the following 
results are at once obtained : — 

Let it be supposed that the crank stands on the dead point, thus 
in the direction X, then the steam-port on the left-hand side of the 
cylinder is opened by the distribution-valve as much as V© Pq = 
0-003°^ (-118") (lead); whilst the steam-port on the right-hand side 
is closed. The port in the left-hand side of the distribution-valve is 
quite open, but the port on the right-hand side is only opened as 
much as UoZ; = 0-0075°^ (0-29"). The steam enters the cylinder 
on the left-hand side. 

Let the crank be now turned through the angle X O Eg into the 
position of Eg. This is the position at which the two ports in the 
distribution-valve are quite opened ; the steam-port on the left-hand 
side in the cylinder is more opened than before, but the port on the 
right-hand side remains closed. The port in the left-hand side of the 
distribution-valve begins to be closed at the position Eg, and it is 
quite closed when the crank arrives at the position Eg, whilst the 
port in the right-hand side still remains quite open. The circum- 
stance that this latter port remains in this case always open, whilst the 
steam enters into the cylinder on the left-hand side, is without in- 
fluence, as the distribution-valve meanwhile always keeps the steam-port 
on the right-hand side of the cylinder closed. AVe have stated, that the 
port in the left-hand side of the distribution-valve begins to be closed 
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at tlui position It« of the crank ; and tkvs expansion begim at fhd 
moment. This positiou Ü B« ia obtained if we determine the point of 
inforscction Zj of tlio circle U, U witli the third valve-circle and con- 
uect '/>! with O. It has Ijcgd §Lown how to determine by this position 
of the crank the position of the piston and the grade of expansion, 

If the crank is again turned to O R;, at which position the centre 
line of the crank passes throogh the second point of intersection Zj of 
the circles above mentioned, then the port in the left-hand side of 
the distribntion- valve re-opena. But as at the position Ei of tbe 
crank, the steam-port on the left-hand side of the cylinder is, as ia 
known, already closed, this second opening in the present case is of 
no consequence. If, finally, the crank is turned to O E'b (the Bemnd 
dead point), the st«am-port on the ri^M-hand side of the cylinder has 
opened again as much as the lead ; the port in the left-hand &ide of 
the disiribtUion-valve ie quite open, and that on the right-hand side w 
open as much as U« Z»- 

If the crank is turned through the second semicircle, the same 
rules are correct for the backward stroke of the piston ; we have only 
to determine the corresponding points of intersection of the lo«a 
circles. 

It will thus be seen with what correctness the diagram explainä 
the whole distribution of the steam, and how very useful the actio» 
of the expansion-valve by Meyer is, for the ports in the distribution* 
valve are nearly always quite open, and the eutting-off of the steato 
may be effected quickly, and, if the different dimensions are correctly 
chosen, at any position of the piston. We shall now examine this latter 
property more minutely ; but in order to avoid covering the diagram 
with too many lines, the corresponding circles have been drawn again 
full size in Fig. 21, Plate V. But we shall investigate in the present 
case only the distribution of the steam lor the forward motion of the 
piston, and shall thus only examine the openings of the ports on the 
left-hand side (Fig. Hh), as the distribution of the steam is exactly 
the same for the backward stroke. We have marked in this case, 
also, from M,, towards On, the radius OMu=L — ? and the value M„ w^ 
= x. The point Z^, at which the circle described with Omo=L— i — k 
as- radius cuts the valve-circle, has been connected with Ü and the 
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position O Eg of the crank, at which the port in the* distribution-valve 
begins to be closed, and at which, therefore, the expansion begins, is thus 
obtained. The circle described with Mo-L-Z= 0-050°' (1-96") 
as radius may represent at the same time the crank-pin circle, so that 
the line Lq L, therefore, represents the stroke of the piston. If we 
drop therefore from Rj npon Lq L, the perpendicular Ilj L2 then Lq L2 
is the distance travelled by the piston during the admission of the 
steam, and as Lo L is equal to one decimetre (3 * 9"), the length Lq L2 
expressed in parts of a decimetre gives at once the duration of the 
admission ; in the present case = * 530. 

The valve-motion chosen in the present case has thus been com- 
pletely examined, and we may now begin to investigate more minutely 
Meyer's valve-motion, in which the value x is variable, all other pro- 
portions in the diagram, however, remaining unaltered. Mq Uq was the 
value aj = • 020™ ( * 78"), i. e, the distance the plates of the expansion- 
valve were moved from the centre towards the outer sides. If we 
now move the plates still farther towards the outside, so that 
(Fig. 47a) the value x becomes = • 0305°^ (1 • 2"), then the corres- 
ponding degree of expansion is obtained in the following manner : — 
Mark from Mo (Fig. 21, Plate V.) towards the value « = • 0305°^ 
(1 • 3"), thus making Mq Us = x; describe from 0, with Ou^eLS a, radius, 
a circle, and mark the points of intersection Zg and Z9 of this circle with 
the valve-circle. If we now draw Zg and Z9 till they meet the 
crank-pin circle, then Eg represents the position of the crank at 
which the steam is cut off; the expansion begins here, and the duration 

of the admission ^^ = 0-333 or ^. The corresponding port in the 

distribution-valve opens again at OE9, but this opening has no 
influence, for the distribution-valve, as is known, closed the steam- 
port on the left-hand side of the cylinder when the crank arrived at 
OE5. It will thus be seen, with what facility the degree of expan- 
sion for fhe corresponding position of the plates, and thus for any 
value of aj, may be obtained. If the value of « is larger than Mq, 
or larger than L — Z, the method is still correct. If we, for example, 
move the plates towards the outside as much as 

Mo w,o = « = -065™ (2 • 6") 
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then we have to describe the ch-cle with O Wio as radius, to connect 
tlie point of intersection Zjo with 0, and to draw the line from O as far 
as Rio . O Rio is therefore in this case the position of the crank, and 
Lio that of the piston at the beginning of the expansion, and L« Lio : 
Lo L = O'OIS the corresponding degree of expansion. If we finally 
move the plates towards the outside as much as Mq Z4 = a5 = 
0*0715, it will then be seen that the cutting-ofif of the steam takes 
place just at the beginning of the stroke. It thus follows that 
Meyer's valve-motion admits of any extent of admission being 
employed, and the expansion can thus be carried to its highest limit 
Of course, an expansion so high is not used, or the position of the 
plates might be applied to shutting off the steam altogether, and 
thus to stopping the motion of the engine. But it is certainly a 
great advantage in Meyer's valve-motion that any grade of expan- 
sion may be used, a property which, as has been proved in a former 
chapter, decidedly does not belong to Gonzenbach's valve-motion. It 
now only remains to examine the limit of the expansion on the other 
side. If we suppose again the plates to be distant from the centre as 
much as flj = Mo «^0 = • 020, we find in this case that the beginning 
of the expansion takes place at the position R2 of the crank, and 
Lo La : Lo L = • 530 is the degree of expansion, and next that at the 
position R3 of the crank, at which the centre line of the crank 
passes through the second point of intersection Z3, the port in the 
distribution- valve is again already opened ; we have stated that this 
is of no consequence in this case, as the distribution-valve closed the 
corresponding steam-port when the crank occupied the position Rg, 
at which the centre line of the crank passes through V4. But it will 
thus be seen, that it is absolutely necessary that the port in the distri- 
bution-valve should not he opened hefore the distribviion-^cdve has closed 
the corresponding steam-port. If we move, for example, the plates so 
far back that 'M.oUq = x = 0' 0155°^, and describe a circle with O Uq 
as radius, this circle will cut the valve-circle at Zg and 2J ; O Zg is 
therefore now the position of the crank at the beginning of the 
expansion; but the port is again opened at OZ7, and thus before 
the corresponding steam-port in the cylinder is closed, for the crank 
arrives sooner at ORithan at OR5. We obtain therefore also in 
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this case the peculiar result, just as in Gonzenbach's valve-motion, 
that the steam enters the cylinder twice during the forward motion 
of the piston. K we determine the corresponding positions of the 
piston, we find that the steam enters the cylinder whilst the piston 
travels from Lo to Lß, from Lg to L^ it acts by expansion, and at that 
position fresh steam enters the cylinder until the piston has arrived 
at Lg. Although the disadvantageous influence of such a distribution 
of the steam is in the present case generally not so great as we 
showed formerly in the case of Gonzenbach's valve-motion, it is, 
nevertheless, allowed that it should not take place. 

Those valve-motions, which have been examined by the author by 
the aid of diagrams and models — the dimensions being taken from 
different drawings of locomotives — all show the peculiarity that at a 
certain position of the plates the steam enters the cylinder twice 
during the stroke. But the diagram will show how easily this disad- 
vantage of Meyer's valve-motion may be remedied, at least for the 
forward motion of the locomotive. The proportions of the dimensions 
of the diagram, Fig. 21, Plate V., have been intentionally chosen, so 
that this disadvantage might be observed. At first we have to 
determine the lowest degree of expansion ; this, without doubt, takes 
place when the port in the distribution-valves is opened at the same 
moment cU which the distribution-valve closes the steam-port in the 
cylinder. The latter takes place when the crank arrives at Bg ; the 
centre line of the crank cuts the valve-circle at that position at Zg ; 
if we describe, therefore, from a circle with Zg as radius, we obtain 
at O Z4 the position of the crank, and at L4 that of the piston for the 
lowest limit of expansion, the corresponding duration of admission 
being LoL4:LoL = '595, and the plates being distant from the centre 
as much as R4 Z4 = Mq t^4 = • 0175°^ (0 • 68"). K we move the plates 
farther back, we shall find a double admission of the steam, and if 
we move the plates back as much as Ex D^ = Mq w^ = • 0140°* (• 55"), 
the steam will be cut off only momentarily, and that when the crank 
arrives at the position OR,. If we move the plates still farther back, 
about so much that aj = Ex Z^ = Mq i* = 0*010, the steam will be 
allowed to enter the (cylinder without interruption, and the plates will 
produce only a temporary narrowing of the ports in the distribution- 
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vnlve. The sutallest opening is at the position of the crank ßji as, 
for oxample, in tliia case Z,D,= 0-0035°' (0'137"). This narrowing 
doc-8 not influence tlie distribution of the steam, as it only takes place 
in the second half of the stroke ; it is, howCTer, disadvantageons to 
Construct the talve-motion bo that the plates can be drawn back so 
far OS lias been supposed. If we make, for example, a; =: 0, i. e. if we 
place the plates as shown in Fig. 46, p. 191, the diagram. Fig. 21, 
Plato v., will then give a continued admission of the steam, and the 
BmallcEt opening of the iiort will be K^ D, = ■ 01 40", thua nearly 
the whole width of the port. As, however, a great opening is not at 
all necessary at the position OR, of the crank; it follows, tiiatwe 
Iiave taken the value of L — i as too great ; or if we suppose that difl 
length I of the plates is chosen iu an advantageous manner, tbat 
the length L of the distribution-valve is too large (Fig. 46, p. 191). 1' 
will thus be seen from the following, that it is quite sufficient to 
make the length L-^ thus O M^, (Fig. 21, Plate V.) exactly equal 
to the diameter Ü Ü, of the auxiliary circle. 

In order now to determine, by means of the diagram, the mleä 
which have to be observed in the constnicfion of a new valve-raotio», 
we start with the view that it will be most advantageous if tlie 
expansion-valve allows all grades of expansion, or, as is sufßcient, it' 
we can reduce the expansion so far that finally the expansion anil 
distribution valve cut off the steam aimuUaneomly. If such an 
arrangement could he obtained, then there would be nothing left to be 
desired in Meyer's valve-gear. But it is really possible to fulfil these 
conditions for the forward motion. A close examination of the 
diagram. Fig. 21, Plate V., shows that the cutting-off of the steam 
takes place — other circumstances beiug equal — the later, the more 
the diameter D, of the valve-circle falls towards Es, and the 
valve-motion will act best when both centre lines coincide. This 
condition is easily fulfilled by a corresponding choice of the eccen- 
tricities and angles of advance, only ike eccentrieitiea of the ecceniries 
of tlie empanaion and didribudion valve must not be taken, as is gene- 
rally the case in practice, as eqwd, and the angle of advance of the 
eccentric of the expansion-valve as 90°. The proportions which occur 
iu thia case are best determined by the solution of the following 
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general problem, which at the same time shows bow easily all 
questions relating to this valve-motion may be answered without any 
calculation, and without any experiments on models. This problem, 
however, shall at first relate to a stationary engine, which only runs 
into one direction. 

Prddem. A stationary steam-engine, with Meyer's variable ex- 
pansion gear, is to be arranged in such a manner, that all grades of 
expansion which the distribution-valve allows may be obtained. The 
length of the plates of the expansion-valve is to be determined, and 
at the same time the distances are to be asce'^tained which the platea 
have to be distant from the centre for the periods of admission 

h h T. h F. T. »Wd 5- 

Let the eccentricity of the eccentric of the distribution-valve he 
■ 040" (1 ■ 57") ; the angle of advance be S = 15° ; the outside lap of 
the distribution-valve be e = ■ 008™ (0 ■ 31") ; the width of the steam- 
port in the cylinder be a = ■ 025" (0 ■ 98") ; and that of the port in . 
the distribution-valve be a,, = 0-020™ (0-78"). 

Solution. In this case the eccentricity and the angle of advance 
of the eccentric of the expansion-valve are to be first determined. 

Make Y O D = 8 = 15'^ (Fig. 50), next D = ■ 040" (1 • 57"), and 
describe on O D the valve-circle. Describe next from circles with 
the outside lap O V= e=:0-008"(0-31"), and also with 0B„ =0-050" 
(1-96") as radii; the latter circle represents the crank-pin circle. 
(The figure is drawn half size.) 
If we connect the point of in- 
tersection V4 of the lap and 
valve circles with O, we obtain 
at OB, the position of the 
crank, at which the distribution- 
valve cuts off the steam. 

The diameter of the auxiliary 
circle, marked III. in Fig. 48, 
shall now coincide with the 
centre line R. of the crank ; if we make O D,= ■ 035" (0 ■ 137"), 
and complete from D, and D the parallelogram, then follows 
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O Do = 0' 048" (1 "S") as the eecenirieiiy of iheeoceniric of the expan- 
sioti-valve and Y Do = 59° as äs angle of advance. 

We have, therefore, in the present instance, not — as it is generally 
the case — to take the eccentricities as equal. Describe now on O D, 
a circle, and chose L = Z (Fig. 46). This value has to be as small as 
possible. The lowest limit is,'as already stated, L — Z= O D, = • 035™ 
(0 • 137"), and we shall keep this value. 

It is next a question, how far the plates are to be moved tow€axls 
the outside in each different cüse, in order to obtain the required 
degree of expansion. Mark upon Lo L (stroke of the piston) the 
positions of the piston Li, Lj, L3 &c., which correspond with the 
required points of cut-off, and determine for each the corresponding 
position O Jbti , O R2 &c., of the crank, as well as the points of inter- 
section Zi, Z2, Z3, Z4 &c. The points of intersection of the centre 
lines of the crank at these positions with the circle III. give at once 
the values of x for each degree of expansion. If we describe from 
a circle with OD, = L — Zasa radius, then, according to what has 
been stated previously, the value of x when the steam is cut off at 

M»Z» = 0-0435» (1-71") 

and the two plates are, therefore, to be moved outwards to this extent, 
when the engine has to work with the steam cut off at ^th of the stroke. 
The value of x is obtained in the same manner for the other grades ; 

Steam cut off at J stroke a? = M, Z, = 0-0370" (1-45") 

^ „ « = M3 Za = • 0310» (1 • 22") 
\ „ a: = M, Z4 = '0 • 0195™ (0 • 76") 
i „ « = M, Z5 = • 0100» (0 • 39") 
\ „ a? = M« Z, = 0-0060» (0-23") 
I „ « = M7 Z7 = 0-0030» (0-118") 

The cut-off of the steam when a; = takes place at the positic 
O E^ of the crank or the position L, of the piston, and is effected ^ 
the plates and by the distribution-valve simultaneously ; it is, howev 
only cut off momentarily. But the immediate opening of the port 
the distribution-valve has no influence upon the distribution of 
steam. If the cut-off of the steam has to take place just at 
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beginning of the stroke, then x must be = Mo Zq = -0665™ (2 • 72"). 
If we suppose a cut-off at ^ to be the earliest, then the edge E 
(Fig. 47a, p. 191) is distant from the outer edge F as much as 

FE = y = L-.Z-.aj= 0-035 - 0-0435 = - 0-0084» (0-33") 

it being supposed that the two valves occupy relatively their central 
positions. The negative sign shows that E lies to the left of F. The 
centre of the upper valve is most distant from that of the lower one, 
when the distance between these centres is O D, (Fig. 50). But the 
inner edge of the plate must not open the port at that moment, and 
the length of the plate must be, therefore, at least 

Z = O D, -f ao - F E or 

I = 0-0635» (2-5"), 

and we may take it therefore as 0*065™ (2-55''). 
But L - Z = 0-035"^ (1-37"), therefore the value 

L = 0-100" (3-9"). 

We have thus all questions answered, and, as the examination of 
Fig. 50 shows, in a very simple and comprehensive manner. 

Besides, the above results coincide with those obtained from 
experiments which the author has made with a model; so that the 
diagram makes any calculation, or the construction of models, quite 
unnecessary. 

The proportions are a little different when the valve-motion has to 
be applied to locomotives or to such engines as have to run forwards 
and backwards. In such cases the investigation is best made in the 
manner above explained for the forward motion ; but it is, however, 
necessary to make the angle of advance So of the forward eccentric 
larger than is the case, for example, in Fig. 50 ; so that the angle B^, 
at which the diameter Dx follows the centre line of the eccentric, 
becomes a lUtle smaller. 

If we, for example, should accept for the forward motion the 
same proportions as in the above example, the distribution of steam 
in this case .would be very good, but very disadvantageous for the 
backward motion. Dj, Fig. 51, is the eccentricity of the back- 
ward eccentric; and if we consider now this as a diagonal and the 
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Fig. 51. 



obtained eccentricity O Do of the eccentric of tbe expaneion-ralve 
K8 the one side of u parallelogram, then the eecond side D, is the 
diumeter of that aaxiliary circle, which explains the action of the 
oxi)ansion-va]vo during the backward motion in the same manner as 
tie circle descrihed over O D. did for the forward motion. Let us 
now suppose the crank to be turned in the direction of the arrow, h 
is now easy to understand that Dj. is 
rather too large, if D,, is determined 
in the manner above described. If we 
make the eccentricity OD=OD,=rof 
the distribution-valve as small as pos- 
sible, as it is made by Meyer, we may 
■ improve the distribution of the steam 
for the backward motion ; the same will 
be the case, if we determine the iralua 
of L and I wUh reference to D^, and 
noi, as it was done in the <ä)ove tji- 
sianee, with reference to O I)„ i. fl. we 
bave to make L - Z = D^ There is 
thus nothing altered in the manner of investigating the distribution 
of the steam for the forward motion, but tlie distribution-valve has 
generally tobe longer. Meyer takes Su=90"and obtains thus an equal 
distribution of the steam for the forward and backward motion, it being ^ 
supposed that tbe angles of advance for the forward and backward 
eccentrics are equal. But this arrangement, as the diagram, Fig. 21, 
Plate v., proves, shows some disadvantages, especially that the lower 
limit of the expansion is reduced ; and it is better to make 3^ smaller 
than 90°. Besides, it is always disadvaidageous in engines which have 
to run forwai'ds and backwards, to make the eccentricity of the eccen- 
tric of the expansion-valve equal to that of the eccentric of the distri- 
bution-valve, A better distribution of the steam is always produced 
when the former is taken a little larger than the latter. If we start 
with tbe view, which is certainly a correct one, tliat the distribu- 
tion of the steam has to be as advantageous as pos^iible during the 
forward motion, even at the expense of a lees efficient distribution 
during the backward motion, then Meyer's valve-motion is the 
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best of all vaJve-motions with variable expansion. A cut-ofif between 
O and I of the stroke may also be produced for the backward motion 
at Meyer's valve-motion, if the diflferent dimensions are chosen in a 
correct manner, whilst a perfect expansion-gear may be produced for 
the forward motion, if the rules given in the above example are applied. 

The limits between which expansion in the present case may 
be applied to backward motion, are much wider than was the case 
in Gonzenbach's valve-gear for \hQ forward motion. 

To stationary engines no better valve-motion can be applied, as 
our investigations have shown, than that by Meyer, it being supposed 
that the distribution of the steam has to be produced by two valves. 
It seems that the great advantages of this valve-motion in this 
respect have not received at the present time the acknowledgment 
they deserve. 



CHAPTEE III. 

Valve-motion hy Poloneeau. 

Description of the Valve-motion. 

This double valve-motion was first executed by Poloneeau, and 
was also applied by Krauss to several locomotives of the North- 
Eastern Railway of Switzerland with complete success. Krauss also 
gave first a description of this valve-motion in the ^ Civilingenieur,' 
vol. vi. p. 110, and there used our diagram for the closer examina- 
tion of its action. 

Fig. 22, Plate V. shows a general arrangement of this new valve- 
motion. The link CCi, the convex side of which is turned toward 
the axle, and which is suspended in the middle by a link, swinging 
round a fixed centre, receives an oscillating motion from the two 
eccentrics D and D^ fastened upon the axle O. The arrangement of 
these parts is therefore the same as used by Gooch and as has been ex- 
amined in Chapter II. of the first part. Poloneeau, however, applies 
a dovhle link — a link with two guides. The sliding-block M of the 
radius-rod MN is moved in the one guide ; this radius rod is connected 
at N with the valve-spindle of the distribution-valve S, so that the 
latter receives its motion from the point M of the oscillating link. 

p 



aiO VALVK-OK.\nS WITH TWO VALVES. 

The Bocond sUding-blwk M, of the radiusiHjd M,Ni is moved 
ID tlio otlii-T guido of tlie same link; this radiaa-rod MiN, transfera 
the motion of the point ÄI, of the link to the expansion-valve S,. 

The movement of the sliding-blocks M aud M, by means of the 
lowering or raising of the radius-rods MN and lIiNi is effected by 
the driver by lueaiiB of the reversing levera AB and A,B„ the enoa 
B anit B, of which are connected by rods mth the bell-crank leveis 
WW and \A'iWj ; whilst the rods K and K, transfer the movemeDt 
to the radins-rods. 

The reversing levers move in the arc H H, which is provided witb 
noti'hes, and in which these levers can be fixed at differejjt poations, 
in the usual manner, by means of springe. The distribution-valw o 
has the same shape as that in Meyer's valve-motion. The expansion- 
valve S|, however, consists of n simple plate, but moves also on the top 
of the distribution- valve. 

Fig. 22, Plato V., represents the reversing lever A B of the distih 
bution-valve at the extreme position, and thus in fore-gear, whusttlis 
reversing lever Ai B, of the expansion-valve occupies its central posi- 
tion. The extreme upper point of the link governs in these positiona 
the distribution-valve B, and the dead point of the link the expansion- 
valve. The following investigations will show that in this case, when 
the lever AB occupies the extreme position, and when the lever AiB. 
stands at the first grades for forward or back gear, the highest grade 
of expansion, or- a very early cutting off of the steam, may be attained. 
But the investigations will also show that in this valve-motion, as in 
Goiizenbach's, a certain limit of expansion exists. If a smaller degree 
of expansion, or a later cutting off of the steam is required, then tliis 
valve-motion also, as a double valve-motion, fails. This is, however, 
no disadvantage ; for the expansion-valve may in this instance be put 
out of action by simply placing the two reversing levers A B and A, B; 
in the same notch for forward or back gear. The two valves move 
then exactly in the same manner, and we may say the valve S, forma 
with the distribution-valve S a single valve only, and the loss of 
power which is always connected vrith the application of a separate 
expansion- valve thus disappears in this case entirely. 

The action of Polonceau's valve-motion is exactly the same as that 
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of a link-motion on Gooch's system with one valve, if we move the 
two reversing levers parallel to each other. The valve-motion is used 
very often in this manner, both for forward and backward running 
of the locomotives for short distances, at stations and at starting ; but 
Polonceau's valve-motion in this case has, on account of the arrange- 
ment of the reversing levers, the inconvenience that the driver has 
to use both hands for moving the levers. Krauss has lately adapted 
to his engines the ingenious arrangement represented in Fig. 23, 
Plate v., which will entirely avoid this inconvenience. In this H H 
is again the fixed arc, provided with notches, in which, however, in 
this case only, the reversing lever AB of the distribution-valve is 
kept by means of a detent in its diflferent positions. A second arc. 
Hi Hi, also provided with notches, is now fastened to the lever AB at 
P, so that the arc is moved together with the lever. The reversing 
lever Ai Bi of the expansion-valve can be fixed in the notches of 
this arc, Hi Hi. The use of the levers can now easily be understood. 
When the reversing levers occupy the position represented in Fig. 23, 
Plate v., the two valves are in action almost in the same manner as 
in the arrangement of the difierent parts shown in Fig. 22, Plate V. 
If the driver intends to place the expansion-valve out of action, and 
to use, therefore, the valve-motion as a simple link-motion on Gooch's 
system, he has only to place the detent of the lever Ai Bi, in the 
notch h of the second arc Hi Hi. The other lever is then moved 
simultaneously with the lover A B. 



Theory and Application of the Diagram. 

In investigating the action of Polonceau's valve-motion, we may 
refer to many facts which were stated during the investigation of the 
valve-motions by Gooch and Meyer. 

Let (Fig. 52) the eccentricity of the eccentrics again be = r, the 
two equal angles of advancd each = S ; the lengths of the eccentric 
rods C D and Ci Di = I ; and the half-length of the link C J = Ci J 
= c. Next, let the distance from the dead point J of the link'to the 
slide-block M of the radius rod, which transfers the motion to the 
distribution-valve, thus the length J M, be = u, and if we imagine 

p 2 
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that the crank occupies the position O Eq when it passes through the 
dead point, then the travel X B = | of the distribution-valve or its 



Fig. 52. 




Ä 



movement from its central position X when the crank has travelled 
through the angular movement E O Rq = o) is given by the formula : 

/ c \ ur / c \. 

J = r (sin 8 ± -J C08 8 ] C08 uj ± f co« 5 + j sin S j sin cv. 

(See equation III., p. 103.) 

The upper sign in this formula is correct for open rods, the lower 
one for crossed rods. We shall not examine here the manner in which 
the distribution of the steam is effected, if the dimensions of the 
distribution-valve are given, and if the expansion-valve in the present 
valve-motion is put out of action ; for we should only have to repeat 
what has been already stated upon pages 109-113, regarding the 
application of the diagram to Gooch's valve-motion. It only remains, 
therefore, for us to investigate the action of the expansion-valve. 

The expansion-valve of the present valve-motion receives its 
motion from the same link as the distribution-valve; but the position 
of the slide-block Mj in the link is different. If we suppose the dis- 
tance of this block from the dead-point J of the link, thus the length 
J Ml, to be Uq, then the movement |o of the expansion-valve from its 
central position is again obtained by the formula above given ; for it 
is, if we substitute Uq {or u: 

Jo = r (sin 8 ± -y- coa ^ j coa a; ± -^—, (cos ^4: y atw ^ J sin w. 

By the two formulae above given, we may therefore* determine 
for any position of the crank, and for any position of the\two shde- 
blocks, the positions of the two valves. But the most imporlj^t ques- 
tion in the present case is that with respect to the grade of Expansion 
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which corresponds with the supposed positions of the elide-blocks. We 
may suppose at first the two valves to occupy their central positions 
(Fig. 53a) ; and if we next 
Fig. 53, denote the whole length E Ei 

^ of the plate of the expansion- 

Pi,— t.- J E valve by 2 L, and the distance 

F I 1^' - of the outer edges E and E, 

^■-^ ^— —, j ^ from the outer edges Fand Fl 

^^^|^>" ■^~ ; ""^~ «3'*'-^*'^ °'" *^^ P^*^^ ^^ *^ö distribu- 
iV I Jf I ^ W tioE-valre by s, we have then 

I i * %v^^^' ^ ™ tliis case only to answer 

'""f-."*Ü.^'' — ^~! — f the question, how far the port 

j^ U, .- j 1 in the distribution-valve is 

^p^ . '., , ,, ;| . "■ \'~. _.^,=^-,Ä=J opened when the two valves 

■ iw '■ **^i M have moved from their cen- 

" jV ^ tr^ positions as much as f 

and fo respectively. Fig. Ö3fc 

represents the two valves as having moved in this manner, and it 

will thus be seen at once that between the opening a, of the port in 

the distribution-valve, the width of which may be called «„, and the 

other dimendons exists the relation 

«. + 2 = " + ?« 
whence follows : 

.,-.-(£- £.). 

The quantities on the right-hand side are known for an existing 
valve-motion according to the formulse formerly given, and there 
thus exists no difficulty in ascertaining, by means of calculation, the 
law for the distribution of the steam effected by Polonceau's valve- 
motion. The investigation, however, becomes more simple if we in 
this case also apply the diagram. 

If we put in the formula given for «i the difference f - ^o = f.. 
we get 

«,-.-&; w 

and if we use the formula given for the movements of the valve : 



i.-- 



^" J^'^ (cob ä + -| «tn A sin u>. (/i) 
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But the value f, represents simply the movement of the expan- 
flon-valve with reference to the distribution-valve, and gives thus the 
law of the relative motion of the former; but the equation ( ) is 
again the polar equation of two circles, the diameters of which in this 
case, as will be shown later, are perpendicular to the direction of the 
valve-face, and the radii of which represent again in a known manner 
the values of f, . In order to explain the diagram still further, we 
shall now take a certain example and shall choose at once the 
dimensions of a valve-motion which has been constructed by Polon- 
ceau himself. 

The eccentricity of the two eccentrics is r = 0*066™ (2 "SO"), the 
angles of advance S = 30° ; the length of the eccentric rods is C D = 
Ci Di = Z = 1 • 500"^ (59") (Fig 52, p. 212), the half-length of the link 
isCJ==CiJ = c=: 0120"* (4-79"). The valve-motion has open 
rods, and the outside lap of the distribution-valve is c = 0"030° 
(1 • 18") ; the inside lap is i = 0; the width of the steam-ports in 
the cylinder is a = 035™ (1*37"); and the width of the ports in 
the distribution-valve is ao = 0"030™ (1"18"); finally, the value 
marked s in Fig. 53a is = 0-036°» (1-42"). We shaU next sup- 
pose the link to have four grades of expansion for tlie forward 
motion and as many for the backward motion ; whilst the radius rod 
is to be raised or lowered so far that the slide-block at the last grade 
coincides with the centre lines of the eccentric rods, in which case, 
therefore, we have to put w = -j- c or — c. 

We shall suppose at first the slide-block of the radius rod for the 

distribution-valve to be raised to its highest position, and thus to be 

on the fourth grade fore-gear; then, according to our supposition, 

u =:c; if we also put in the equation given for f 

/* 
A = r {sin $ -\- -j cos $) 

B = (cos — -J stn a), 

then we get, by substituting the values above given, A = * 036' 
(1 -47"), and B =r 0-0544°» (2-14"). 

In order now to explain by the diagram the movement of 
valve, we mark on the axle O X (Fig. 54) the length O B = ^ ^ 
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■ 0188" ( ■ 732") as abscissa, and B C, = i B = ■ 0272° (1 ■ 07") as 
ordinate, and obtain thus at the point C, the centre of the valve-circle 
IV., which has to be de- 
scribed from C, with C,0 ^'^■^■ 
as radius; the rays now of 
this circle represent the 
movement of the valve, if 
we suppose that the valve 
receives its motion from the 
fourth grade of the link. In 
the present case it is the dis- 
tribution-valve that is thus 
driven. If we describe now 
from O a circle with the 

outside lap OV = e = 0-030° (-118") as radius (Fig. 54 is drawn 
half size), we obtain, as is known, in the position V3 or K3 the 
position of the crank at which the admission of the steam begins and 
at which the crank stands as much as the angle It, O Bg before the 
dead point ; when the crank has arrived at V4 or O R4 the distri- 
bution-valve would cut off the steam if the expansion did not exist. 
In order now to determine the beginning and the end of the ex- 
haustion of the steam, it is necessary to describe another circle from 
with the inside lap i as radius ; in the present case i = 0, and 
therefore the line, which is drawn from perpendicular to the 
diameter O D, of the circle IV., represents the position of the crank 
for the end of the exhaustion of the steam (beginning of the compres- 
sion) on the other side of the piston ; but at the same moment there 
begins also the release of. the steam on the front side. If it is desired to 
examine in a similar manner the distribution of the st^am for the other 
grades ; we have only simply to divide, according to what has been stated 
during the investigation of Gooch's valve-motion, the ordinate B Cj into 
as many parts (in this case into four) as there are grades of expansion, 
and to describe the valve-circles from the points of division C„ C^, &c. 
We shall now suppose in the present case, as aa example, the slide- 
block of the radius-rod of the expansion- valve to be on the firal grade 
fore-gear ; the circle I., described from Ci wiÜi Ci as radius, then 
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gives at once in the present case the law of the movement of the 
expansion-valve, whilst circle IV. gives that of the distribution-valve, 
if, as we shall always suppose for the future, the radius rod of the 
latter is so far raised or lowered that the slide-block coincides with 
the centre lines of the eccentric rods. If we now suppose the crank 
to have moved from the dead point O Ro through the angle Eq O E = 
o), then the length P represents, as is known, the movement f of 
the distribution-valve, and the length Q the movement fo of the 
expansion-valve from the central position; next, the diflference be- 
tween the two distances, thus QP, represents the value f,, i.e, the 
movement of the latter valve with reference to the former, exactly in 
the same manner as was the case in Meyer's valve-motion. But in 
this instance, also, a better understanding may be obtained if we mark 
the length Q P from O upon the radius vector, thus making Z = |, ; 
the points Z determined in this manner lie again in a circle, the 
position of which it is easy to ascertain. The distribution-valve is 
moved in this case exactly in the same manner as if it received its 
motion from an eccentric, of which the eccentricity = O D4 and the 
angle of advance = Y D4 ; the movement of the expansion-valve 
on the first grade will in this case also take place in the same 
manner as if it was produced by an eccentric with the eccentricity 
O Di and the angle of advance Y Di . K we now desire to ascer- 
tain the movement of the expansion-valve with reference to the 
distribution-valve, we have only to proceed in the same manner 
as was described during the investigation of Meyer's valve-gear; 
construct with the eccentricities O Di and D4 a parallelogram, the 
diagonal of which is OD4, the one side being ODj, and the other 
side O D, is then in this case, as in the former one, with respect to 
size and direction, the diameter of the auxiliary valve-circle, the rays 
of which represent at once the relative movement of the upper valve 
upon the lower one. The distance OZ of the centre line OR is 
therefore at once the required value f». 

But the matter is still more simple in the present valve-motion 
than in Meyer's, for the diamater O D, of the relative valve-circle 
is in the present case always situated, as will easily be seen, on the 
line y, which is perpendicular to the direction O X of the valve- 
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face. The centre Oi of this circle is, however, obtained in a quicker 
manner, if we draw through C4 a line parallel to O Ci and if we 
determine the point of intersection Oi of this parallel line with the 
vertical line Y, it being supposed that the lower valve is governed 
by the fourth, and the upper one by the first grade of the link ; we 
may then describe from Oi a circle with Oi as radius. 

In order now to complete the diagram, it is required to describe 
from O circles with the lengths 8 = 0' 036°^ ( • 142"), and s - ao = 
0-006°^ (-023") as radii. 

The opening of the port in the distribution-valve for different posi- 
tions of the crank is now found at once by means of the diagram. 
In Fig. 54, U = s, and as for any position E of the crank the 
distance Z represents the value f ,, the length Z U = s — ^„ and, 
therefore, according to equation (a) at once the opening aj of the port 
in the distribution-valve at this position of the crank. 

If we now further examine in the diagram, the variations of the 
distance Z U upon the centre line of the crank, when the turning 
of the latter takes place, it will be observed that the value «i becomes 
nil at the position Zi of the crank, at which position, therefore, 
the expansion hegins, whilst the opening begins again when the crank 
arrives at 07a\, 

If we now place the slide-block of the radius rod of the expansion- 
valve on the dead point of the link, in order to procure a variation of 
the expansion, then Oq becomes the centre of the auxiliary valve-circle, 
whilst if the slide-block is placed in the first grade back-gear, then 
O'l is the required centre ; in the former case O Zg, in the second one, 
O Z3 represents the position of the crank at the beginning of the ex- 
pansion, and O 7a 2 or O Z'3 represents in the same manner the posi- 
tion of the crank at the opening of the port in the distribution-valve. 

It will thus be seen that Polonceau's valve-motion produces the 
higher expansion, L e. cuts off the steam the sooner, the more the slide- 
block of the radius rod of the expansion-valve is lowered in the link ; 
we may, therefore, under any circumstances, cut off the steam with 
the present valve-motion as early as it is ever required in practice. 

But, on the other hand, there exists a certain limit, beyond which 
the valve-motion ceases to act as a double valve-motion. The points 
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uf iutonKction Z, Z', Z'^ ure all situated behind the position B« of 
the cnmk ; the roopening of the port m the distribution-valve by tbe 
expoDBJon- valve UvWes piucc tlierefore, us is also necessary, oiily when 
the distribution- viil VI' liua alreudy closed Üie corresponding portintho 
■.■jrlinder ; if that should not be the case, tbe st«ani would also in lliis 
valve-motion, tu we have already pointed out in tho case of tbe valve- 
mutions by Ounzcnbanh and Meyer, enter the cylinder twice; or 
finally, if we proceed still farther, the relative valve-circle would not 
cut the circle described with O U = s as radius; in the latter case, the 
expansion-valve narrows the ports in the distribution-valve alternately, 
and moves backwards and forwards on tbe top of this valve uselessly, 
As, therefore, the point of intersection Z', need but coincide with E„ 
the other limit of expunäion is thus given. If we draw through Ü and 
R, a circle, tlie centre of which lies in Y, tbe relative valve-circle 
for tlie extreme limit is obtained, and we may now easily conclude 
how far the slide-block of the radius rod of the expansion-valve may 
be raised at tbe most. Z\ almost coincides in the diagram ivith K', 
for the first grade, whence follows tliat in this valve-motion, which waa 
designed by Polonceau himself, tbe shde-bloek of the expansion-valve 
bos never to be raised liigher than tbe first grade fore-gear. li, there- 
fore, a greater power of the engine is required, or a lower expansion, 
the 8t«am being thus cut off later than at tbe position O Z, of the 
crank, is it necessary to place tbe expansion- valve out of action, and 
to use tbe valve-motioo as a simple link-motion on Gooeh's system ; 
the cutting ofl' the steam being then produced only through the 
distribution- valve, as we have already stated in describing the valve- 
motion on page 210. 

Finally, we may refer to a peciUiarity of Meyer's and Gonzenbacb'e 
valve-motions with reference to the loss of power which is produced by 
the movement of tbe expansion-valve on tbe top of tbe distribution- 
valve. It follows from tbe relative valve-circle D, , that the wbole 
distance which tbe expansion-valve travels on the top, the lower valve 
at one revolution of the crank is =401),; now, the power wliich is 
required to overcome the friction increases directly with the dis- 
tance, and we may therefore say that in the two valve-motions above 
mentioned, the loss of poiver produced hy the ^notion of the expansion- 
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valve is directly proportionate to the diameter O D^of the relative valve- 
circle. This diameter is invariable in Meyer's valve-motion, and 
therefore, in that case, if we suppose an equal pressure of the steam 
in the steam-chest, the loss of power is the same for all grades of 
expansion. It is, however, different in Polonceau's valve-motion ; the 
diameter of the relative valve-circle becomes in this case the larger, 
the earlier the steam is cut off by means of the expansion-valve ; 
and in this instance, therefore, the loss of power produced hy the motion 
of the expansion-valve is the larger, the higher the expansion. The 
same result is obtained for Gonzenbach's valve-motion. Polonceau's 
valve-motion, however, differs from the latter one, so far to its advan- 
tage, that the expansion-valve may be used in this case in the same 
manner for the forward motion as for the backward motion. Gonzen- 
bach's valve-motion cannot, according to former investigations, be 
used in back-gear as a double valve-motion for locomotives. 

Gonzenbach's valve-gear shows, finally, another peculiarity com- 
mon to all such double valve-motions provided with two steam- 
chests, and in which, therefore, the expansion-valve does not move 
directly on the back of the distribution-valve, but on the fixed par- 
tition between the two steam-chests, and which is provided with cor- 
responding openings. If, namely, the expansion-valve cuts off the 
steam in this case at a high expansion, as always is applied with such 
valve-gears, the steam accumulated in the lower steam-chest takes 
part in the expansion of the steam in the cylinder, until the distribu- 
tion-valve also cuts off the steam, from which moment the expansion 
takes place in the cylinder only, and continues until the exhaustion 
begins. The expansion-curve consists, therefore, in engines with such 
valve-motions of two different parts, and the space of the lower steam- 
chest acts partly as a prejudicial space. This occurrence disappears 
with double valves, of which the one moves directly on the back of 
the other. The occurrence above stated, as well also as the question 
respecting the amount of the loss of power which is produced in the 
different systems of valve-motions by the friction of the valves, offers 
material for very interesting theoretical investigations, upon which, 
however, we cannot enter in this place, as they do not belong to the 
object of this treatise. 
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Eedtenbacheb, Hofrath, Professor. Gesetze des Locomotivbaues 
(Mannheim, 1855), S. 100: *Die STEPHENSON'sche Taschensteu- 
erung,' 

Eedtenbacher examines only the valve-motion by Stephenson, but 
neglects in the approximate calculations several quantities to such an 
extent, that, notwithstanding a simpler formula for the movement of the 
valve is obtained, the most remarkable peculiarity of Stephenson's valve- 
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valve-motion, according to Eedtenbacher, ought to have a constant lead 
for all degrees of expansion. 
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erungen. Civilingenieur, Bd. HI, S. 10. 1857. 
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singer von Waldegg, Gonzenbach, and Meyer. 
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1857. 
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It is tu he regretted that this treatise, written with great knowledge 
and (ilcganco in thö mathematical dcmoustration, hus not been pnlilisW 
in a scjiarate form, so as to make it better known to i 
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motiven. Civil ingeDieur, Bd. V, S. 179. 1859. 

The treatise gives the entire theory of the double valvo-motion iD" 
Ttmted Ly Voliniar, and which has been applied to engines of the North" 
Eastern Railway of Switzerland. The whole mcchaniam is very i*' 
genions. 



FuHST, lugeuieur, H. ' Untersuchungen über die MEYEE'sche vbT*' 
able Expansion ' und ' Die MEYER'sche variable Expansion a-*^ 
Irf)comoti^■stene^ung.' Dingler's polytechn. Journal, Bd. 15^ 
Heft 2 bis 5. 1859. 

The first treatise contains a few special investigations of Meyer ' 
Ttdve-iuotiun by means of the diagram; the author proposes in the oth^^ 
treatise to apply, instead of Stephenson's link, a link which swings roun*- 
K fixed centre, and is moved by one eccentric. 
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Civilingenieur, Bd. VI, S. 110. 1860. 

Tho author gives here, for the first time, a description of Polonceau's 
valve-motion, and examines its action by means of the diagram. Besides, 
the treatise compares the diflferent valve-motions applied to locomotives, 
mth respect to the distribution of the steam. 



Von. Grimburg, E., Bitter. Bemerkungen über die FiNK'sche Steu- 
erung. Zeitschrift des österr. Ingenieur- Vereins. 1862. 

Contains the theory of the valve motion (without considering the 
missing quantity), and proves by an example the coincidence of the 
results of the diagram, with those obtained by experiments on a model. 



Schmidt, Gustav, Professor. *Die Coulissensteuerungen.' Zeitschrift 
des österr. Ingenieur- Vereins. 1866. 

The treatise contains the investigation of the chief formulsB, and of 
the diagrams of the valve-motions by Stephenson, Gooch, Allan, Heu- 
singer von Waldegg, and Fink. Schmidt determines here, for the first 
time, for Fink's valve-motion also the missing quantity (a little 
different from the results ^ of the present third edition of Zeuner's 
treatise on valve-motions), and the treatise gives for the other valve- 
motions a different way of determining the chief formulsB, but besides 
these no results which are not to be found in the former editions of 
this present book. 

Müller, Ober-Ingenieur, O. H. Ueber Umsteuerungen, besonders 
für Schiffsmaschinen. Zeitschrif des Vereins deutscher Inge- 
nieure. Bd. X. 1866. 

This article examines with great knowledge the reversing motions as 
applied to marine engines, and finally points out the advantages which 
are obtained in this case by the application of Fink's valve-motion. 



Maw, W. H., and SiiADE, Fred. J. * Locomotive Engineering and 
the Mechanism of Bail ways.' By Zerah Colbitrn. 1867. 

This work contains several chapters, by W. H. Maw and F. J. Slade, 
devoted to the geometrical investigation of tho various link-motions in 



H WORKS ON i,nrK-3ionn!i8. 

gentnl on od looomotiTe-caigitiee, inclitding Stoplueneon's, Goocli'a, 
ABui'b, nd Hetwiiiger Ton Wnldegg's. The metbods of odjiptiiig the 
nin-^om to tl>« varioos ci»:aiuet4Uicefi met with iii prftctical canstmc- 



ToLKKAR, Ingeniecr, W. XJuhoi Yerbessemngen an den iExpniisious- 
sttMienmgen mit einem Schieber. Oi'gan Inr die Fottschrilte des 
EiäenbabnweHens. 1&6S. 

An mIeroBtiiig article^ which examines more nünntely the distribntion 
of the steam of the val re-motions with one trItc, and wbich shows tbo 
advantages of the application of Trick's port-valvo. 



Napier asd Macqcorn Baskdje. On tbe nse of movable seats for 
Blide-val?e8. (The Engineer. October, 1867. B. also Deutsche 
Indnatrie-Zeitung. Jahrg. 18C8). 

The ingenious arriuigomont which is hero proposed for link-motione. 
and which is exi>laiued by means of the polar diagram, is nothing else, 
strictly taken, but a new douhle TolTe-motiun. Tlie outer edges of the 
two iiortfl for the admission of the steam form the inoer edges of a valvo 
shaped like a frame ; this *alve is moved hy a special eccentric, and on 
its top the distribntion- valve, which ia of the common shape, moves 
haekwards and forwards, A correct arrangement attains that the com- 
]>roseion increases less quickly with the increasing of the eatansioD, 
than is the case in other link motions. 
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